References

[Ab84] K. Abe et al., Phys. Rev. Lett., 53:751, 1984. [Ab85] K. Abe et al., Phys. Rev., D32:2288, 1985. [Ab96] K. Abe et al. Phys. Rev. Lett. 76, 587 (1996). [Ab97] K. Abe et al. [SLAC E154], Phys. Rev. Lett. 79, 26 (1997). [Ab98] A. Abele et al. [Crystal Barrel Collaboration], Phys. Lett. B423, 175, (1998). [Ab98a] D. Abbott et al., Phys. Rev. Lett. 80, 5072 (1998). [Ab98b] K. Abe et al. [SLAC E143], Phys. Rev. D 58, 112003 (1998). [Ab99] H. Abramowicz and A. Caldwell, Rev. Mod. Phys. 71, 1275 (1999). [Ab99a] K. Abe et al. [SLAC E155], Phys. Lett. B463, 339 (1999). [Ab00] D. Abbott et al., Phys. Rev. Lett. 84, 5053 (2000).

[Abpc] “A-B-SIMC”, SIMC Primer, by J. Arrington, Argonne National Lab, unpublished (2001). Available from http://www.jlab.org/~johna/SIMC documents/simc.ps.

[Ac98] K. Ackerstaff et al. [HERMES Collaboration], Phys. Rev. Lett. 81, 5519 (1998). [Ac98a] M. Acciarri et al., Phys. Lett. B418, 399 (1998). [Ac98c] P. Achenbach et al., Nucl. Instr. and Meth. A416 (1998) 357. [Ac99] K. Ackerstaff et al., Phys. Lett. B 464, 123 (1999). [Ac00] K. Ackerstaff et al., hep-ex/0002016 (2000). [Acam] Details of the “F1” chip can be found at

http://www.acam.de.

[Ad93] B. Adeva et al., Phys. Lett. B302, 533 (1993); D. Adams et al., Phys. Lett. B329, 399 (1994); B. Adeva et al., Phys. Lett. B357, 248 (1995).

[Ad94] G. Adams, Workshop on CEBAF at Higher Energies, N. Isgur and P. Stoler, eds, CEBAF (1994), p. 65.

[Ad94a] D. Adams et al. [SMC Collaboration], Phys. Lett. B329, 399 (1994). [Ad95] M. R. Adams et al. [E665 Collaboration], Phys. Rev. Lett. 74, 1525 (1995). [Ad96] J. Adomeit et al. [Crystal Barrel Collaboration], Z. Phys. C71, 227 (1996). [Ad97] M. r. Adams et al. Zeit. Phys. C74, 237 (1997).

[Ad98] G. S. Adams et al. [E852 Collaboration], Phys. Rev. Lett. 81, 5760 (1998). [Ad01] C. Adloff, et. al. [H1 collaboration], Phys. Lett. B 517, 47 (2001) [Ad02] G. Adams et al., submitted to Nucl. Instr. and Meth., June (2002) [Af94] A. Afanasev, J. Gomez and S. Nanda, Workshop on CEBAF at Higher Energies, op.

cit., p. 184.

[Af98] A. Afanasev and P. R. Page, Phys. Rev. D 57, 6771 (1998).

[Af99] A. Afanasev, hep-ph/9910565, “ Proceedings of the JALB-INT Workshop on Exlcusive and Semi-Exclusive Processes at High Momentum Transfer”, C. Carlson and A. Radyushkin, World Scientific (200), May 1999.

[Af00] A. Afanasev, C. E. Carlson, and C. Wahlquist, Phys. Rev. D 62, 074011 (2000). [Af00a] A. Afanasev, C. E. Carlson, and C. Wahlquist, Phys. Rev. D 61, 034014 (2000). [Af00b] I. R. Afnan et al., Phys. Lett. B 493, 36 (2000).

[Af00c] A. V. Afanasev and A. P. Szczepaniak, Phys. Rev. D, 61:114008, 2000. [Ah01] J. Ahrens et al. [The GDH and A2 Collaborations], Phys. Rev. Lett. 87, 022003-1 (2001). [Ai00] A. Airapetian et al. Eur. Phys. J. C17, 389 (2000) [Ai01] A. Airapetian et al. [HERMES collaboration], Phys. Rev. Lett. 87, 182001 (2001) [Ai01a] A. Airapetian et al., Eur. Phys. J. C20(2001) 479-486. [Ai02] HERMES Collaboration: A.Airapetian, et al., hep-ex/0209072. [Ai04] A. Airapetian et al. Phys. Rev. Lett. 92, 012005 (2004).

[Ak85] S. V. Akulinichev, S.A. Kulagin and G.M. Vagradov, Phys. Lett. B158, 485 (1985) [Al76] M. J. Alguard et al. [SLAC E80], Phys. Rev. Lett. 37, 1261 (1976); 41, 70 (1978). [Al88] D. Alde et al., Phys. Lett., B205:397, 1988. [Al90] D. M. Alde et al., Phys. Rev. Lett. 64, 2479 (1990). [Al98] M. Alford, K. Rajagopal and F. Wilczek, Phys. Lett. B422, 247 (1998). [Al99] L. C. Alexa et al., Phys. Rev. Lett. 82, 1374 (1999); and references therein. [Al00] S. I. Alekhin and A. L. Kataev, Nucl. Phys. A666-667, 179 (2000); and references therein.

[Am91] P. Amaudraz et al., Phys. Rev. Lett. 66, 2712 (1991).

[Am94] A. Amroun et al., Nucl. Phys. A579, 596 (1994); and references therein. [Am95] C. Amsler and F. E. Close, Phys. Lett. B353, 385 (1995). [Am96] C. Amsler and F. E. Close, Phys. Rev. D 53, 295 (1996). [Am98] M. Ambrogiani et al., Nucl. Phys. B 61, 384 (1998). [Am01] M. Amarian et al., Nucl. Instr. and Meth. A460 (2001) 239.

[Am02] M. Amarian et al. [the JLab E94-010 Collaboration], Phys. Rev. Lett. 89, 242301-1 (2002).

[An71] R. L. Anderson et al., Phys. Rev. D4, 3245 (1971).

[An76] R. L. Anderson et al., Phys. Rev. D14, 679 (1976); G. White et al., Phys. Rev. D49, 58 (1994) [An77] R. Anderson et al., SLAC-PUB-1741, Invited talk presented at Int. Conf. on Production of Particles with New Quantum Numbers, Wisconsin U., Madison, Apr. 22-24, 1976.

[An77b] R. L. Anderson et al., Phys. Rev. Lett. 38, 263 (1977). [An93] P. L. Anthony et al. [SLAC E142], Phys. Rev. Lett. 71, 959 (1993). [An95] V. V. Anisovich et al., Phys. Lett. B323, 233 (1994). [An96] A. V. Anisovich and H. Leutwyler, Phys. Lett. B375 (1996) 335. [An96a] M. Anghinolfi et al., Nucl. Phys. A602, 405 (1996). [An96b] M. Antonelli, et al., NIM, 558, A409,(1996). [An97] L. Anthony et al., Phys. Rev. D56, 1373 (1997). [An98] M. Anselmino and F. Murgia, Phys. Lett. B442 (1998) 470. [An03] P. L. Anthony et al. [E155 Collaboration], Phys. Lett. B 553, 18 (2003). [An03a] B.D. Anderson et al., Basic Instrumentation for Hall A Beamline preprint. [Ao93] H. Aoyagi et. al, Phys. Lett., B314, 1993.

[Ap94] R. D. Appuhn et al., Nucl. Instr. and Meth. A350 (1994) 208. [Ar75] X. Artru et al., Phys. Rev. D 12, 1289 (1975). [Ar88] R. G. Arnold et al., Phys. Rev. Lett. 61, 806 (1988).

[Ar97] R. Arnold and J. McCarthy, A Proposal for Extension of E155 to Measure the Transverse Spin Structure Functions of the Proton and Deuteron , SLAC E155x, September 1997.

[Ar98] J. Arrington, Ph.D. thesis, California Institute of Technology, 1998. [Ar99] C. S. Armstrong et al.,, Phys. Rev. D 60, 052004 (1999). [Ar00] C. S. Armstrong et al., submitted to Phys. Rev. D (2000).

[As87] D. Aston et al., The LASS spectrometer, Technical report, 1987, SLAC-Report-298. [As88] J. Ashman et al. [EMC Collaboration], Phys. Lett. B206, 364 (1988). [As89] J. Ashman et al. [EMC Collaboration], Nucl. Phys. B328, 1 (1989) [As89a] D. Aston et al., SLAC-PUB-5145; Nucl. Phys. (Proc. Suppl.) B8, 32 (1989). [As95] D.M. Asner et al., CLEO CONF95-24, EPS0188, 1995.

[As99] D. Ashery [E791 Collaboration], Proceedings of the Int. Workshop on Physics with Electron Polarized Ion Colliders, Bloomington, 1999, p. 322.

[At84] M. Atkinson et al (The Omega Collaboration) Nucl. Phys., B231:15, 1984. [At84a] M. Atkinson et al (The Omega Collaboration) Nucl. Phys., B243:1, 1984. [Au83] J. J. Aubert et al. [EMC Collaboration], Phys. Lett. B123, 275 (1983). [Au97] G. Audit et al, Nucl. Phys. A614, (1997) 461 [Av00] T. Averett, Proceedings of the HiX2000 workshop, J.P. Chen and Z.E. Meziani, eds. [Av02] H. Avakian Proceedings of SPIN 2002.

[Av03] H. Avakian Proceedings of X-th Workshop on High Energy Spin Physics, Dubna 2003. [Ba73] W. Bartel et al., Nucl. Phys. B58, 429 (1973).

[Ba77] Exotic hybrids were apparently first described in a bag model context by T. Barnes, Ph.D. thesis, California Institute of Technology, 1977 (unpublished).

[Ba82] “The Role of Electromagnetic Interactions in Nuclear Science”, a report of the DOE/NSF Nuclear Science Advisory Committee (1982).

[Ba83] G. Baum et al., [SLAC E130] Phys. Rev. Lett. 51, 1135 (1983). [Ba90] I. Balitsky et al., Phys. Lett. B242, 245 (1990); B318, 648 (1993) (Erratum). [Ba93] G. S. Bali et al., Phys. Lett. B 309, 378 (1993). [Ba94] A. Baldit et al., Phys. Lett. B 332, 244 (1994).

[Ba95] T. Barnes, F. E. Close, and E. S. Swanson, Phys. Rev. D 52, 5242 (1995). [Ba96] B. Baumbaugh et al., IEEE Trans. Nucl. Sci. 43, 1146, (1996).

[Ba96a] G. Bardin et al., Conceptual Design Report of a Compton Polarimeter for Hall A at CEBAF, DAPNIA/CEA Report,

http://www.jlab.org/compton/Documentation/Technical/1996/proposal.ps.

[Ba97] G. Bali et al. [SESAM Collaboration], Nucl. Phys. Proc. Suppl. 63, 209 (1997). [Ba98] G. Bali et al. (SESAM Collaboration) Nucl. Phys. Proc. Suppl., 63:209, 1998. [Ba00] G. S. Bali et al. [SESAM/TCL Collaboration], Phys. Rev. D 62, 054503 (2000). [Ba00] R. Baier, D. Schiff, and B. G. Zakharov, Annu. Rev. Nucl. Part. Sci. 50, (2000) 37. [Ba01] S. D. Bass and A. De Roeck, Eur. Phys. J. 18, 531 (2001). [Ba02] A. Bachetta et al., Phys. Rev. D 65, 94021 (2002). [Be67] H. A. Bethe, Ann. Rev. Nucl. Sci. 21, 93 (1971).

[Be69] J. S. Bell and R. Jaciw, Nuovo Cimento 60A, 47 (1969); S. L. Adler, Phys. Rev. 177, 2426 (1969).

[Be70] G. Bellettini et al., Il Nuovo Cimento, vol. 66, no. 1, (1970), 243. [Be75] C. J. Bebek et al., Phys. Rev. Lett. 34, 759 (1975); Phys. Rev. Lett. 37, 1525 (1976);

Phys. Rev. D 15, 3085 (1977).

[Be78] C. J. Bebek et al., Phys. Rev. D 13, 1693 (1978). [Be80] E. Berger, Z. Phys., C 4, 289 (1980).

[Be82] B. Bengston and M. Moszynksi, Nuclear Inst. and Meth. 204, 129, (1982). [Be84] E. L. Berger, F. Coester, and R. B. Wiringa, Phys. Rev. D 29, 398 (1984). [Be89] D. Beck et al., Nucl. Instr. Methods in Phys. Res. A277, 323 (1989). [Be91] H. J. Behrend et al., Z. Phys. C49, 401 (1991). [Be93] G. M. Beladidze et. al, Phys. Lett., B313, 1993.

[Be93a] V. Bernard, N. Kaiser, and Ulf-G. Meißner, Phys. Rev. D 48, 3062 (1993); Int. J. Mod.

Phys. E4, 193 (1995).

[Be94] A. C. Benvenuti et al.,[BCDMS Collaboration], Z. Phys. C 63, 29 (1994). [Be95] V. M. Belyaev and A. Radyushkin, Phys. Lett. B359, 194 (1995). [Be96] O. Benhar, S. Fantoni, N. N. Nikolaev, J. Speth, A. A. Usmani and B. G. Zakharov, J.

Exp. Theor. Phys. 83, 1063 (1996);

[Be97] C. Bernard et al. [MILC Collaboration], Phys. Rev. D 56, 7039 (1997).

[Be99] H. A. Bethe, Rev. Mod. Phys. 71, S6 (1999).

[Be99a] O. Benhar, V. R. Pandharipande, I. Sick, Phys. Lett. B469, 19 (1999). [Be99b] S. C. Bennett and C. E. Wieman, Phys. Rev. Lett. 82, 2484 (1999). [Be00] O. Benhar, N. N. Nikolaev, J. Speth, A. A. Usmani and B. G. Zakharov, Nucl. Phys.

A673, 241 (2000).

[Be00a] P.Y. Bertin, C.E. Hyde-Wright, F. Sabatié (spokespersons), Experiment E-00-110. [Be01] A. Belitsky and D. Müller, Phys. Lett. B 153, 349 (2001). [Be02] A. Belitsky and D. Müller, Nucl.Phys. A711, 118 (2002).

[Be02a] A. V. Belitsky, D. Müller and A. Kirchner, Nucl. Phys. B 629, 323 (2002) [arXiv:hepph/0112108] [Be02b] A. Belitsky and D. Müller, Nucl. Phys. A 711, 118 (2002).

[Be02c] D. Beck et al., G0 Experiment, (http://www.jlab.org/exp_prog/generated/apphallc.html as viewed 26-JUN-2002) [Be02d] V. Bernard, T.R. Hemmert, and Ulf.-G. Meißner, hep-ph/0203167. [Be03] A. Belitsky,X. Ji and F. Yuan hep-ph/0208038.

[Be03a] A. Belitsky, X. Ji, and F. Yuan, Phys.Rev.Lett. 91, 092003 (2003). [Be04] A. Belitsky, X. Ji and F. Yuan, Phys. Rev. D 69, 074014 (2004). [Bepc] E. Beise, private communication [Bi83] A. Bialas and T. Chmaj, Phys. Lett. 133B (1983) 241. [Bi88] J. Bijnens, A. Bramon and F. Cornet, Phys. Rev. Lett. 61, 1453 (1988). [Bi89] R. P. Bickerstaff and A. W. Thomas, J. Phys. G 15, 1523 (1989). [Bi95] A. Bianconi, S. Jeschonnek, N. N. Nikolaev, and B. G. Zakharov, Phys.Lett.B343 (1995), 13. [Bi96] A. Bianconi, S. Jeschonnek, N. N. Nikolaev, and B. G. Zakharov, Nucl.Phys. A608 (1996), 437.

[Bi96a] A.Bianconi, S. Jeschonnek, N. N. Nikolaev, and B. G. Zakharov, Phys. Rev. C 53 (1996), 576.

[Bi01] F. Bissey, A. W. Thomas and I. R. Afnan, Phys. Rev. C 64, 024004 (2001); F. Bissey, V. Guzey, M. Strikman and A. W. Thomas, Phys. Rev. C 65, 064317 (2002).

[Bj66] J. D. Bjorken, Phys. Rev. 148, 1467 (1966); Phys. Rev. D 1, 465 (1970); Phys. Rev. D 1, 1376 (1970).

[Bl69] E. D. Bloom et al., Phys. Rev. Lett. 23, 930 (1969), and M. Briedenbach et al., Phys.

Rev. Lett. 23 935 (1969) [Bl70] E. D. Bloom and F. J. Gilman, Phys. Rev. Lett. 25, 1140 (1970); Phys. Rev. D 4, 2901 (1971).

[Bl97] G. R. Blackett et al. The Photoproduction of the b_1(1235)π System, Technical report, August 1997. hep-ex/9708032.

[BNL00] A. Leksanov et al. [E850 Collaboration], Proc. of 7th. Conf. CIPANP2000, Quebec, p.

306.

[BNL98] Y. Mardor et al., Phys. Rev. Lett. 81, 5085 (1998). [Bo81] A. Bodek and J. L. Ritchie, Phys. Rev. D 23, 1070 (1981). [Bo83] A. Bodek et al., Phys. Rev. Lett. 50, 1431 (1983).

[Bo94] G. D. Bosveld, A. E. L. Dieperink and A. G. Tenner, Phys. Rev. C 49, 2379 (1994). [Bo94a] P. Bosted, et al., “DIS-Parity: Parity Violation in Deep Inelastic Electron Scattering”, SLAC-PROPOSAL-E-149 (1993) (unpublished).

[Bo98] C. Bochna et al. [E89-012 Collaboration], Phys. Rev. Lett. 81, 4576 (1998) [Bo00] P. Bosted, “Spin Structure Functions of the Nucleon Measured at SLAC”, Circum- Pan-Pacific RIKEN Symposium on High Energy Spin Physics (Wako, Japan, November 1999), RIKEN Review 28 (May, 2000) (No. 13); P. Bosted, private communication.

[Bo03] “DIS-Pairty: Search for New Physics through Parity Violation in Deep Inelastic Electron Scattering”, SLAC Letter of Intent (2003) (unpublished) [Br70] M. Branschweig, et al., DESY preprint, 70/1.

[Br73] S. J. Brodsky and G. R. Farrar, Phys. Rev. Lett. 31, 1153 (1973); V. A. Matveev, R.

M. Muradyan and A. N. Tavkhelidze, Lett. Nuovo Cimento 7, 719 (1973). [Br74] A. Browman et al., Phys. Rev. Letts., vol. 33, no. 23,(1974)1400 [Br79] E. L. Berger and S. J. Brodsky, Phys. Rev. Lett. 42 (1979) 940. [Br79] S. J. Brodsky, C. E. Carlson, and H. Lipkin, Phys. Rev. D 20, 2278 (1979). [Br79a] S. J. Brodsky and G. P. Lepage, Phys. Lett. B87, 359 (1979). [Br80] S. J. Brodsky and G. P. Lepage, Phys. Rev. D 22, 2157 (1980).

[Br80a] K. L. Brown, “TRANSPORT, A computer program for designing charged particle beam transport systems”, CERN 80-04, Geneva, 1980.

[Br82] S. J. Brodsky, in Proceedings of the Thirteenth Int’l Symposium on Multiparticle Dynamics, ed. W. Kittel, W. Metzger and A. Stergiou (World Scientific, Singapore, 1982) 963.

[Br83] S. J. Brodsky, C. Ji and G. P. Lepage, Phys. Rev. Lett. 51 (1983) 83. [Br83a] Brodsky S J and Hiller J R 1983 Phys. Rev. C 28 475 ; 1984 Phys. Rev. C 30 412(E) . [Br88] S. J. Brodsky, and G. F. de Teramond, Phys. Rev. Lett. 60, 1924 (1988). [Br88a] S.J. Brodsky and A.H. Mueller, Phys. Lett. B 206, 685 (1988). [Br90] S. J. Brodsky, G. F. de Teramond and I. A. Schmidt, Phys. Rev. Lett. 64 (1990) 1924. [Br92] S. J. Brodsky et al., Nucl. Phys. B369 (1992) 519. [Br97] S. J. Brodsky and G. A. Miller, Phys. Lett. B412, 125 (1997).

[Br99] S. J. Brodsky, M. Diehl, P. Hoyer, and S. Peigne, Phys. Lett. B449, 306 (1999); A.

Afanasev, C. E. Carlson, and C. Wahlquist, Phys. Rev. D 58, 054007 (1998) and Phys. Lett. B398, 393 (1997); C. E. Carlson and A. B. Wakely, Phys. Rev. D 48, 2000 (1993).

[Br99a] G.Braun et al. “F1 - An Eight Channel Time-to-Digital Converter Chip for High Rate Experiments”, hep-ex/9911009.

[Br00] V. M. Braun, A. Khodjamirian, M. Maul, Phys. Rev. D 61, 073004 (2000). [Br00a] V. M. Braun, A. Khodjamirian, M. Maul, Phys. Rev. D 61, 073004 (2000). [Br00b] S. J. Brodsky, “Dynamical higher-twist and high x phenomena: A window to quark quark correlations in QCD”, hep-ph/0006310 (2000).

[Br01] S. J. Brodsky, E. Chudakov, P. Hoyer and J.-M. Laget, Phys. Lett. B498, 23 (2001). [Br02] S. Brodsky et al., Phys.Lett. B 530, 99 (2002). [Br02a] S. Brodsky et.al, hep-ph/0206259. [Br03] S. Brodsky et al., hep-ph/0104291 [Bu98] V. Burkert, “Physics with CLAS at Energies up to 12GeV”, in Physics & Instrumentation with 6-12 GeV Beams, a Thomas Jefferson National Accelerator Facility report, S. Dytman, H. Fenker and P. Roos, eds., June 1998, p. 407.

[Bu98a] V. Burkert, “Electromagnetic Calorimeter Upgrade Possibilities for CLAS”, in Physics & Instrumentation with 6-12 GeV Beams” (ibid.) p. 425.

[Bu00] M. Burkardt, Phys. Rev. D 62, 071503 (2000).

[Bu01] V. Burkert, L. Elouadrhiri, M. Garcon, S. Stepanyan (spokespersons), Experiment E- 01-113.

[Bu02] M. Burkardt, Nucl. Phys. A711, 127 (2002). [Bu03] For a recent overview see: V. Burkert, hep-ph/0207149 [Bu03a] M. Burkardt, hep-ph/02091179.

[Ca75] U. Camerini et al., Phys. Rev. Lett. 35 483 (1975). [Ca75a] R. Carlitz, Phys. Lett. B58, 345 (1975).

[Ca78] R. Cahn, Phys.Lett., B78, 269 (1978); Phys.Rev., D 40, 3107 (1989). [Ca78a] R. N. Cahn and F. J. Gilman, Phys. Rev. D17, 1313 (1978). [Ca83] C. E. Carlson and T. J. Havens, Phys. Rev. Lett. 51, 261 (1983). [Ca85] P. Castorina and P. J. Mulders, Phys. Rev. D31, 2760 (1985). [Ca88] A. S. Carroll et al., Phys. Rev. Lett. 61,1698 (1988). [Ca90] C. E. Carlson and N. C. Mukhopadhyay, Phys. Rev. D 41, 2343 (1990). [Ca91] C. E. Carlson, K. E. Lassila, and U. P. Sukhatme, Phys. Lett. B263, 377 (1991). [Ca91a] C. E. Carlson and N. C. Mukhopadhyay, Phys. Rev. Lett. 67, 3745 (1991). [Ca92] C. E. Carlson, M. Chachkhunashvili, and F. Myhrer, Phys. Rev. D 46, 2891 (1992). [Ca95] C. E. Carlson and K. E. Lassila, Phys. Rev. C 51, 364 (1995). [Ca95a] C. E. Carlson and N. Mukhopadhyay, Phys. Rev. Lett. 74, 1288 (1995). [Ca97] C. E. Carlson, J. R. Hiller, R. J. Holt, Ann. Rev. Nucl. and Part. Sci. 47, 395 (1997);

and references therein.

[Ca97a] R. Carr, et al., “A Precision measurement of the weak mixing angle in Moller scattering”, SLAC-PROPOSAL-E-158 (1997) (unpublished).

[Ca98] J. Carlson and R. Schiavilla, Rev. Mod. Phys. 70, 743 (1998); and references therein. [Ca00] D. Cassel, F. Close, J. Domingo, W. Dunwoodie, D. Geesaman, D. Hitlin, M. Olson and G. Young, Review of the Jefferson Laboratory “Hall D Project”, January 2000, (http://www.phys.cmu.edu/halld/halld notes/Note 024/).

[Ca00a] G. W. Carter and D. Diakonov, Nucl. Phys. B 582, 571 (2000).

[Ca00b] S. Catani et al., hep-ph/0005025.

[Ca01] R. Carlini, et al., “The Q_{weak} Experiment: A Search for New Physics at the TeV Scale via a Measurement of the Proton’s Weak Charge”, JLab Proposal (2001) (unpublished).

[Ca02] Jefferson Lab Experiment E02-013, G. Cates, K. McCormick, B. Reitz and B. Wojtsekhowski, spokepersons.

[Ch77] V. L. Chernyak and A. R. Zhitnitsky, JETP Lett. 25, 510 (1977); V. L. Chernyak, A.

R. Zhitnitsky and V. G. Serbo, JETP Lett. 26, 594 (1977). [Ch77a] V. L. Chernyak and A. R. Zhitnitsky, JETP Lett. 25, 510 (1977). [Ch78] B. T. Chertok, Phys. Rev. Lett. 40, 1429 (1978); S. J. Brodsky and B. T. Chertok, Phys.

Rev. D14, 3003 (1976).

[Ch96] E. Chen, M. Saulnier, W. Sun, and H. Yamamoto, Tests of a high resolution time-of-flight system based on long and narrow scintillator, hep-ex/9606007, (1996).

[Ch99] E. Christova and E. Leader, Phys. Lett. B468, 299 (1999).

[Ch01] E. Chudakov et al., Letter of Intent for CEBAF12, JLab technical note: JLAB-TN-01- 007, January 2001.

[Ch04] Proposal PR04-114 to Jefferson Laboratory, J. -P. Chen, X. D. Jiang, J. C. Peng, and X. D. Jiang, spokespersons (unpublished).

[Chpc] E. Chudakov, private communication [Ci89] C. Ciofi degli Atti and S. Liuti, Phys. Lett. B225, 215 (1989). [Ci90] C. Ciofi degli Atti and S. Liuti, Phys. Rev. C 41, 1100 (1990).

[Ci93] C. Ciofi degli Atti and S. Simula, Phys. Lett. B 319, 23 (1993); Few-Body Systems 18, 55 (1995); S. Simula, Phys. Lett. B 387, 245 (1996); Few-Body Systems Suppl. 9, 466 (1995).

[Ci93a] C. Ciofi degli Atti, S. Scopetta, E. Pace and G. Salme, Phys. Rev. C 48, 968 (1993). [Ci02] C. Ciofi degli Atti and B. Z. Kopeliovich, Eur. J.Phys. J. A 17, 133 (2003); B. Z. Kopeliovich, J. Nemchik and E. Predazzi, in Proceedings of the ELFE Summer School on Confinement Physics, eds. S. D. Bass and P. A. M. Guichon, Editions Frontieres, 1995, p. 391, Gif-sur-Yvette, hep-ph/9511214.

[Cl73] F. E. Close, Phys. Lett. B43, 422 (1973); Nucl. Phys. B80, 269 (1974). [Cl79] F. E. Close, An Introduction to Quarks and Partons (Academic Press, 1979). [Cl83] F. E. Close, R. G. Roberts, and G. G. Ross, Phys. Lett. B129, 346 (1983).

[Cl88] F. E. Close and A. W. Thomas, Phys. Lett. B212, 227 (1988). [Cl95] F. E. Close and P. Page, Nucl. Phys. B443, 233 (1995).

[Cl95a] F. E. Close, private communication, advocates using the positive term “strong QCD” instead of the negative “nonperturbative QCD”.

[Cl00] F. E. Close and A. Kirk, Phys. Lett. B 483, 345 (2000). [Cl00a] Proposal for CLAS Upgrade at High Energies. [Cl01] F. E. Close and A. Kirk, Eur. Phys. J., C21:531–543, 2001. [Cl01a] F. E. Close and N. Isgur, Phys. Lett. B 509, 81 (2001). [CLAS03] CLAS Collaboration (H. Avakian et al.) hep-ex/0301005.

[Co86] G.R. Court et al., Phys. Rev. Lett. 57, 507 (1986), T.S. Bhatia et al., Phys. Rev. Lett.

49, 1135 (1982), E.A. Crosbie et al., Phys. Rev. D 23, 600 (1981). [Co89] J. S. Conway et al., Phys. Rev. D 39, 92 (1989). [Co93] J. Collins, Nucl.Phys.B396, 161 (1993) [Co93a] G. T. Condo, T. Handler, W. M. Bugg, G. R. Blackett, M. Pisharody and K. A. Danyo, Phys. Rev., D48:3045, 1993.

[CO96] COMPASS Collaboration, “Common Muon and Proton Apparatus for Structure and Spectroscopy” CERN/SPSLC 96-14.

[Co97] J. C. Collins, L. Frankfurt, and M. Strikman, Phys. Rev. D 56, 2982 (1997). [Co98] C. Coriano, H-N. Li, and C. Savkli, J. High En. Phys. 9807, 008 (1998). [Co99] COMPASS experiment at CERN: http://wwwcompass.cern.ch. [Co02] J. Collins, hep-ph/0204004 (2002) [CODA] JLab Data Acquisition Group, CODA, (http://coda.jlab.org) [COSY] M. Berz, COSY INFINITY Version 7 Reference Manual, MSUCL-977 (1996), Michigan State University, East Lansing, MI 48824 [Cr75] J. W. Cronin et al., Phys. Rev. D11, 3105 (1975). [Cr78] D. G. Crabb et al., Phys. Rev. Lett. 41, 1257 (1978).

[Cr97] J. A. Crittenden [ZEUS Collaboration], presented at Photon ’97, May 1997. [Cr98] R. R. Crittenden et al., Nuclear Inst. and Meth. 387, 377 (1998).

[Cz96] A. Czarnecki and W. Marciano, Phys. Rev. D53, 1066 (1996). [Da73] M. Davier et al., Nucl. Phys., B58:31, 1973.

[Da93] Jefferson Lab Experiment E93-026, D. Day, G. Warren and M. Zeier, spokepersons. [Da94] S. Dasu et al., Phys. Rev. D 49, 5641 (1994).

[Da01] S. Davidson, S. Forte, P.Gambino, N. Rius, and A. Strumia, JHEP 02, 37 (2002). [De79] E. Derman and W. J. Marciano, Ann. Phys. 121, 147 (1979).

[De00] D. Debruyne, J. Ryckebusch, W. Van Nespen, and S. Janssen, Phys. Rev. C 62, 024611 (2000).

[De01] W. Detmold, W. Melnitchouk, J. W. Negele, D. B. Renner and A. W. Thomas, Phys.

Rev. Lett. 87, 172001 (2001).

[De02] W. Detmold, W. Melnitchouk and A. W. Thomas, Phys. Rev. D 66, 054501 (2002), and references therein.

[Di88] M. Diemoz et al., Z. Phys. C39, 21 (1988).

[Di89] H. Dijk and B. L. G. Bakker, Nucl. Phys. A494, 438 (1989); Z-J. Cao and L. Kisslinger, Phys. Rev. C 41, 647 (1990), and references therein.

[Di97] D. Diakonov, V. Yu. Petrov, P. V. Pobylitsa, M. V. Polyakov and C. Weiss, Phys. Rev.

D 56, 4069 (1997).

[Di99] M.Diehl, T.Feldmann, R.Jakob and P.Kroll, Eur. Phys. J. C 8 409 (1999). M.Diehl, T.Feldmann, R.Jakob and P.Kroll, Phys. Lett. B 460 , 204, (1999).

[Di02] M. Diehl, Eur. Phys. C 25, 223 (2002) [Di02a] M. Diehl, hep-ph/0205208.

[Do77] J. F. Donoghue and E. Golowich, Phys. Rev. D 15, 3421 (1977). [Do92] J.F. Donoghue, E. Golowich, and B.R. Holstein, Dynamics of the Standard Model, Cambridge University Press (1992).

[Do97] J. F. Donoghue and E. S. Na, Phys. Rev. D 56, 7073 (1997). [Do02] A.G. Korotkov and W.D. Nowak, Nucl. Phys. A 711, 175 (2002) [Dr66] S. D. Drell, and A. C. Hearn, Phys. Rev. Lett. 16, 908 (1966). [Dr99] D. Drechsel, O. Hanstein, S.S. Kamalov and L. Tiator, Nucl. Phys. A645, 145 (1999). [Dr00] See, for examplel, D. Drechsel, S. S. Kamalov, and L. Tiator, Phys. Rev. D 63, 114010 (2001).

[Du85] G. V. Dunne and A. W. Thomas, Nucl. Phys. A446, 437c (1985). [Du91] M. Dueren and K. Rith, Polarized Electron Nucleon Scattering at HERA: The HERMES Experiment, in “Hamburg 1991, Proceedings, Physics at HERA, vol. 1” 427-445.

[Du03] D Dutta et al. Phys. Rev. C 68, 021001(r) (2003).

[E01004] JLab experiment E01-004: The Charged Pion Form Factor, extension to E93-021. [E02104] “Quark Propagation through Cold QCD Matter,” W. Brooks, spokesperson. Jefferson Lab proposal E02-104, (2002).

[E89044] JLab experiment e89-044, preliminary results (Contact: A. Saha). [Ef80] A. V. Efremov and A. V. Radyushkin, Theor. Math. Phys. 42, 97 (1980). [Ef01] A.Efremov K. Goeke, P. Schweitzer Phys.Lett. B552, 37 (2001). [Eg94] K. S. Egiyan, L. L. Frankfurt, W. R. Greenberg, G. A. Miller, M. M. Sargsyan, M. I.

Strikman, Nucl. Phys. A580, 365 (1994).

[Eh95] B. Ehrnsperger and A. Schafer, Phys. Rev. D 52, 2709 (1995). [Ei72] Y. Eisenberg et al., Phys. Rev., D5:15, 1972.

[Ei84] E. Eichten, I. Hinchliffe, K. Lane and C. Quigg, Rev. Mod. Phys. 56, 579 (1984). [Ei99] M. Eides, L. Frankfurt, and M. Strikman, Phys. Rev. D 59, 114025 (1999). [El74] J. Ellis and R. L. Jaffe, Phys. Rev. D 9, 1444 (1974); Phys. Rev. D 10, 1669 (1974). [En64] C.A. Engelbercht, Phys., Rev., 133, B988 (1964).

[En00] R. Ent, C. E. Keppel, and I. Niculescu, Phys. Rev. D. 62, 73008 (2000). [En00a] R. Ent, H. Mkrtchyan, and G. Niculescu, JLAB Proposal E00-004 (2000). [Er83] M. Erikson and A. W. Thomas, Phys. Lett. B128, 112 (1983). [Erpc] J. Erler, private communication.

[Fa75] G. R. Farrar and D. R. Jackson, Phys. Rev. Lett. 35, 1416 (1975). [Fa79] G. R. Farrar and D. R. Jackson, Phys. Rev. Lett. 43, 246 (1979); and D. R. Jackson, Thesis, CALTECH, 1977 (unpublished);

[Fa81] C. Fabjan et al., Nucl. Instrum. Meth. 185 (1981) 119. [Fa84] S. Fajfer and R. J. Oakes, Phys. Rev. D30, 1585 (1984).

[Fa85] C. Fabjan, Techniques and Concepts in High Energy Physics III, T. Ferbel, ed, Plenum Pub.(1985).

[Fa88] G. R. Farrar, H. Liu, L. L. Frankfurt and M. I. Strikman, Phys. Rev. Lett. 61, 686 (1988).

[Fe72] R. P. Feynman, Photon Hadron Interactions (Benjamin, Reading, Massachusetts, 1972). [Fi77] R. D. Field and R. P. Feynman, Phys. Rev. D 15, 2590 (1977). [Fi01] B. Filippone and X. Ji, Adv. Nucl. Phys. 26, 1 (2001).

[Fo96] J. L. Forest, V. R. Pandharipande, S. C. Pieper, R. B. Wiringa, and R. Schiavilla, Phys.

Rev. C 54, 646 (1996).

[Fr81] L. L. Frankfurt and M. I. Strikman, Phys. Rep. 76, 215 (1981). [Fr83] B. L. Friman, V. R. Pandharipande, and R. B. Wiringa, Phys. Rev. Lett. 51, 763 (1983) [Fr85] L. L. Frankfurt and M. I. Strikman, Nucl. Phys. B250, 1585 (1985). [Fr88] L. L. Frankfurt and M. I. Strikman, Phys. Rep. 160, 235 (1988). [Fr90] J. L. Friar et al., Phys. Rev. C 42, 2310 (1990).

[Fr91] L. L. Frankfurt and M. Strickman, Prog. Part. Nucl. Phys. 27, 135 (1991). [Fr92] L. L. Frankfurt, G. A. Miller and M. I. Strikman, Phys. Rev. Lett. 68, 17 (1992). [Fr92a] L. L. Frankfurt, G. A. Miller, and M. I. Strikman, Comm. Nucl. Part. Phys. 21, 1 (1992). [Fr93] L. L. Frankfurt, G. A. Miller and M. Strikman, Phys. Lett. B304, 1 (1993) [Fr93a] L. L. Frankfurt, D. B. Day, M. M. Sargsian and M. I. Strikman, Phys. Rev. C 48, 2451 (1993).

[Fr94] L. L. Frankfurt et al., in Workshop on ‘CEBAF at Higher Energies’, Eds. N. Isgur and P. Stoler, Conf. Proc. p. 499 (1994).

[Fr94a] B. Frois and P. J. Mulders, Workshop on CEBAF at Higher Energies, Thomas Jefferson National Accelerator Facility, Eds. N. Isgur, P. Stoler, p. 309 (1994).

[Fr95] L. L. Frankfurt, E. J. Moniz, M. M. Sargsyan, M. I. Strikman, Phys. Rev. C 51, 3435 (1995).

[Fr95b] L. L. Frankfurt, W. R. Greenberg, G. A. Miller, M. M. Sargsian and M. I. Strikman, Z.

Phys. A352, 97 (1995).

[Fr96] M. R. Frank, B. K. Jennings and G. A. Miller, Phys. Rev. C 54, 920 (1996); B. K.

Jennings and G. A. Miller, Phys. Lett. B318, 7 (1993).

[Fr97] L. L. Frankfurt, M. M. Sargsian and M. I. Strikman, Phys. Rev. C 56, 1124 (1997) [Fr98] L. Frankfurt, G. Piller, M. Sargsian, and M. Strikman, Eur. Phys. J. A2, 301 (1998). [Fr98a] V. V. Frolov et al., Phys. Rev. Lett. 82, 45 (1998). [Fr99] L. Frankfurt et al., Phys. Rev. D60 014010, (1999).

[Fr99a] L. L. Frankfurt, V. Polyakov, M. Strikman and M. Vanderhaeghen, Phys. Rev. Lett.

84, 2589 (2000).

[Fr00] L. L. Frankfurt, G. A. Miller, M. M. Sargsian, and M. I. Strikman, Phys. Rev. Lett. 84, 3045 (2000); and L. L. Frankfurt, G. A. Miller, M. M. Sargsian, and M. I. Strikman, Nucl. Phys. A 663, 349 (2000); and Sargsian M M private communication.

[Fr00a] L. Frankfurt, M. Poliakov, M. Strikman and, M. Vanderhaeghen, Phys. Rev. Lett., 84 2589 (2000).

[Fr01] A. Freund, M. McDermott, and M. Strikman, arXiv:hep-ph/0208160 [Fr03] A. Freund, M. McDermott, and M. Strikman, arXiv:hep-ph/0208160 [Ga71] S. Galster, H. Klein, J. Moritz, K.H. Schmidt, D. Wegener, Nucl. Phys. B32, 221 (1971). [Ga84] Rob Veenhof, The GARFIELD Program, Simulation of Gaseous Detectors, CERN, (1984), [Ga92] G. Garino et al., Phys. Rev. C 45, 780 (1992).

[Ga96] H. Gao, R. J. Holt and V. R. Pandharipande, Phys. Rev. C. 54,2779 1996), D. Dutta, H. Gao, private communication [Ga99] M. Garcon, M. Guidal, E. Smith (spokespersons), Experiment E-99-105 [Ga00] A. Gasparian, Proceeding of the 10th international conference on the calorimeter, Pasadana, 2002.

[Ga01] G. T. Garvey and J.-C. Peng, Prog. Part. Nucl. Phys. 47, 203 (2001). [Ga02] K. Garrow et al., Phys. Rev. C 66, 044613 (2002). [Ge66] S. B. Gerasimov, Sov. J. of Nucl. Phys. 2, 430 (1966). [Ge78] H. Georgi and H.D. Politzer, Phys.Rev.Lett., 40, 3 (1978). [Ge92] C. Gerschel and J. Hufner, Z. Phys. C56 (1992) 171. [Ge93] P. Geiger and N. Isgur, Phys. Rev. D 47, 5050 (1993); D 44, 799 (1991). [Ge95] D. F. Geesaman, K. Saito and A. W. Thomas, Ann. Rev. Nucl. and Part. Sci. 45, 337 (1995).

[Gi46] V. L. Ginzburg and I. M. Frank, JETP 16, 15 (1946). [Gi75] B. Gittelman et al., Phys. Rev. Lett. 35, 1616 (1975).

[Gi00] R. Gilman, Proceedings of the HiX2000 workshop, J.P. Chen and Z.E. Meziani, eds (ibid); P. Mulders, ibid; H. Gao, private communication [Gl97] W. Glöckle, proceedings of the “5^{th} Workshop on Electromagnetically Induced Two- Hadron Emission”, Lund, Sweden, 2001.

[Gl98] M. Glück, E. Reya, and A. Vogt, Eur. Phys. J. C5, 461 (1998). [Gl00] M. Gluck and E. Reya, Mod. Phys. Lett. A 15, 883 (2000). [Go69] K. Gottfried and D. R. Yennie, Phys. Rev. 182 (1969) 1595. [Go94] J. Gomez et al., Phys. Rev. D 49, 4348 (1994).

[Go01] K. Goeke, V. Polyakov and M. Vanderhaeghen, Prog. Part. Nucl. Phys. 47, 401 (2001). [Go01a] M. Göckeler at al., Phys. Rev. D 63, 074506 (2001).

[Go01b] K. Goeke, M. V. Polyakov, and M. Vanderhaeghen, Prog. Part. Nucl. Phys. 47, 401 (2001).

[Go02] J. L. Goity, A. M. Bernstein and B. R. Holstein, Phys. Rev. D66 (2002) 076014. [Gr75] L. V. Gribov and L. Lipatov, Yad. Fiz. 20, 181 (1975); G. Altarelli and G. Parisi, Nucl.

Phys. B126, 298 (1977); Dokshitzer, Sov. Phys. JETP 46, 641 (1977). [Gr94] W. R. Greenberg and G. A. Miller, Phys. Rev. C 49, 2747 (1994). [Gr97] J. Gronberg et al. [CLEO Collaboration], Phys. Rev. D 57, 33 (1998). [Gr98] J. Gronberg et al. [CLEO Collaboration], Phys. Rev. D 57, 33 (1998). [Gr01] V. Yu. Grishina et al., Euro. Journal of Phys. A 10, 355 (2001). [Gu00] X. Guo, J.-W. Qiu, Phys. Rev. D61, 096003 (2000).

[Gupc] M. Guidal “Computer Code for DVCS and BH calculations”, private communication. [GX02] The GlueX Collaboration The Gluonic Excitations experiment, Design Report Version 4, September 2002, (http://www.phys.cmu.edu/halld/cdr v4/).

[Ha89] E. Hadjimichael and S. Fallieros, Phys. Rev. C, vol. 39, no. 4(1989) 1438. [Ha98] E. A. Hawker et al., Phys. Rev. Lett. 80, 3715 (1998); R. S. Towell et al., Phys. Rev. D 64, 052002 (2001).

[Ha01] R. Hasty, et al., Science 290, 2117 (2000).

[HallA] Hall A Operational Manual (2000). [HallD] Hall D PCDR.

[HD99] The Hall D Collaboration, Photoproduction of Unusual Mesons: The Hall D Project at Jefferson Lab, Design Report version 2, August 1999, (http://www.phys.cmu.edu/halld/cdr/).

[He90] D. W. Hertzog et al., Nucl. Inst. and Meth., A294, 446 (1990). [He97] P. Herrera-Siklódy, J. I. Latorre, P. Pascual and J. Taron, Nucl. Phys. B497 (1997) 345, and Phys. Lett. B419 (1998) 326.

[Hi98] D.W. Higinbotham, Nucl. Instrum. Meth. A 414 (1998) 332-339.

( http://www.jlab.org/~doug/cherenkov) [Ho55] R. Hofstadter and R. W. McAllister, Phys. Rev. 98, 183 (1955). [Ho97] P. Hoyer, Nucl. Phys. A622, 284c (1997).

[Ho98] E.P. Venugopal and B.R. Holstein, Phys. Rev D57 (1998) 4397. [Ho99] P. Hoodbhoy, X. Ji, and W. Lu, Phys. Rev. D 59, 014013 (1999); 59, 074010 (1999). [Hu90] E. Hummel and J. A. Tjon, Phys. Rev. Lett. 63, 1788 (1989); Phys. Rev. C 42, 423 (1990); J. W. Van Orden, N. Devine and F. Gross, Phys. Rev. Lett. 75, 4369 (1995); D. R. Phillips, S. J. Wallace and N. K. Devine, Phys. Rev. C 58, 2261 (1998); F. M. Lev, E. Pace and G. Salme, Phys. Rev. C 62, 064004 (2000).

[Hu98] J. Hufner and B. Kopelovich, Phys. Lett. B426, 154 (1998).

[Hu00] H. W. Huang and P. Kroll, Eur. Phys. J. C17, 433 (2000); P. Kroll, hep-ph/0207118 (2002).

[Hu03] H.W. Huang et al., hep-ph/0309071. [In84] T. Inagaki et al., Cryogenics 24, 83 (1984).

[Is81] N. Isgur, G. Karl, and D. W. L. Sprung, Phys. Rev. D 23, 163 (1981). [Is84] N. Isgur and C. H. Llewellyn Smith, Phys. Rev. Lett. 52, 1080 (1984); Phys. Lett. B217, 535 (1989); G. R. Farrar, K. Huleihel and H. Zhang, Phys. Rev. Lett. 74, 650 (1995).

[Is85] N. Isgur, and J. Paton, Phys. Rev. D 31, 2910 (1985); N. Isgur, R. Kokoski and J. Paton, Phys. Rev. Lett. 54, 869 (1985).

[Is85a] N. Isgur, R. Kokoski, and J. Paton, Phys. Rev. Lett., 54:869, 1985. [Is91] N. Isgur and M. B. Wise, Phys. Rev. D 43, 819 (1991).

[Is99] N. Isgur, Phys. Rev. D 59, 034013 (1999). [Is99b] N. Isgur, Phys. Rev. D 60, 114016 (1999).

[Is01] N. Isgur, S. Jeschonnek, W. Melnitchouk, and J. W. Van Orden, Phys. Rev. D 64, 054005 (2001); F. E. Close and N. Isgur, Phys. Lett. B 509, 81 (2001); S. Jeschonnek and J. W. Van Orden, Phys. Rev. D 65, 094038 (2002); F. E. Close and Q. Zhao, Phys. Rev. D 66, 054001 (2002).

[It92] H. Ito, W. W. Buck, and F. Gross, Phys. Lett. 287B, 23 (1992). [It97] H. Ito, S. E. Koonin and R. Seki, Phys. Rev. C 56, 3231 (1997). [IUpc] Indiana University test results at

http://dustbunny.physics.indiana.edu/~paul/hallDrd.

[Iv01] E.I. Ivanov et al. (E852 Collaboration) Phys. Rev. Lett., 86:3977, 2001. [Ja84] R. L. Jaffe, F. E. Close, R. G. Roberts, and G. G. Ross, Phys. Lett. B134, 449 (1984). [Ja90] O. C. Jacob and L. S. Kisslinger, Phys. Lett. 243B, 323 (1990). [Ja90] O. C. Jacob and L. S. Kisslinger, Phys. Lett. 243B, 323 (1990). [Ja92] R.L. Jaffe and X. Ji Nucl.Phys. B375 (1992) 527. [Ja93] R. Jakob and P. Kroll, Phys. Lett. 315B, 463 (1993). [Ja02] P. Jain, B. Kundu, and J. Ralston, Phys. Rev. D 65, 094027 (2002). [Je99] S. Jeschonnek and T. W. Donnelly, Phys. Rev. C 59 (1999), 2676. [Je00] S. Jeschonnek, N. Isgur, W. Melnitchouk, and J. W. Van Orden, to be submitted to Phys. Rev.

[Ji94] X. Ji and P. Unrau, Phys. Lett. B333, 228 (1994). [Ji95] X. Ji, e-print hep-ph/9509288 (1995) [Ji95a] X. Ji and P. Unrau, Phys. Rev. D 52, 72 (1995).

[Ji97] X. Ji, Phys. Rev. Lett. 78, 610 (1997); Phys. Rev. D 55, 7114 (1997). [Ji97a] X. Ji, W. Melnitchouk, and X. Song, Phys. Rev. D 56, 1 (1997). [Ji98] X. Ji, J. Phys. G 24, 1181 (1998).

[Ji00] X. Ji, C. Kao, and J. Osborne, Phys. Lett. B 472, 1 (2000). [Ji01] X. Ji and J. Osborne, J. Phys. G 27, 127 (2001).

[Ji03] X. D. Ji, J. P. Ma, F. Yuan, hep-ph/0301141. [Ji03a] X. Ji, J.-P. Ma and F. Yuan, Nucl. Phys. B652, 383 (2003). [Ji03b] X. Ji, F. Yuan e-Print Archive: hep-ph/0206057. [Ji03c] X. Ji, hep-ph/0304037, to appear in Phys. Rev. Lett. [Ji04] X. Ji, J-P. Ma and F. Yuan, e-Print Archive: hep-ph/0404183.

[Jo00] M. K. Jones et al., Phys. Rev. Lett. 84, 1398 (2000) ); O. Gayou et al., Phys. Rev. Lett.

88, 092301 (2002). .

[Jo02] K. Joo et al., Phys. Rev. Lett. 88, 122001 (2002). [Ju88] H. Jung and G. A. Miller, Phys. Lett. B200, 351 (1988).

[Ju97] K. Juge, J. Kuti, and C. J. Morningstar, Nucl. Phys. Proc. Suppl. 63, 326, (1997). [Ju99] K. J Juge, J. Kuti and C. J. Morningstar, Phys. Rev. Lett. 82, 4400 (1999). [Ju02] K.J Juge, J. Kuti and C. Morningstar, hep-lat/0209109, to be published in Proceedings of Lattice 2002.

[Ka75] W. Kaune, G. Miller, W. Oliver, R. W. Williams, and K. K. Young, Phys. Rev. D 11, 478 (1975).

[Ka90] L. P. Kaptari et al., Nucl. Phys. A512, 684 (1990).

[Ka93] Kang Y, Erbs P, Pfeil W, and Rollnik H 1990 Abstracts of the Particle and Nuclear Intersections Conference, (MIT, Cambridge, MA); Kang Y 1993 Ph.D. thesis Bonn.

[Ka00] R. Kaiser and H. Leutwyler, Eur. Phys. J. C17 (2000) 623. [Ko93] L. A. Kondratyuk et al., Phys. Rev. C 48 2491 (1993). [Ko95] A. Kotzinian, Nucl. Phys. B 441 (1995) 234.

[Ko96] A. M. Kotzinian and P. J. Mulders, Phys. Rev. D54 (1996) 1229; Phys. Lett. B406 (1997) 373.

[Ko96a] A. M. Kotzinian and P. J. Mulders, Phys. Lett. B406, 373 (1997). [Ko97] N. I. Kochelev, Proc. of Workshop on Physics with Polarized Protons at HERA, 1997, Hamburg, p. 225, hep-ph/9711274.

[Kop02] B. Z. Kopeliovich, J. Nemchik, A. Schaefer, and A. V. Tarasov, Phys. Rev. Lett. 88 (2002) 232303.

[Kopc] N. Kochelev, private communication.

[Kr98] Th. Feldmann and P. Kroll, Eur. Phys. J. C5 (1998) 327.

Th. Feldmann, P. Kroll and B. Stech, Phys. Rev. D58 (1998) 114006. [Kr99] D. Kharzeev, Eur. Phys. J. C9, 459 (1999). [Kr01] K. Wijesooriya, et al., Phys. Rev. Lett. 86, 2975 (2001). [Kr02] K. Wijesooriya et al., Phys. Rev. C 66, 034614 (2002). [Ku89] S. A. Kulagin, Nucl. Phys. A500, 653 (1989).

[Ku94] S. A. Kulagin, G. Piller, and W. Weise, Phys. Rev. C 50, 1154 (1994). [Ku98] S. Kumano, Phys. Rep. 303, 183 (1998). [Ku00] S. Kuhlmann et al., Phys. Lett. B476, 291 (2000).

[Ku02] A. Kurylov, M. J. Ramsey-Musolf, and S. Su, “Parity-violating electron scattering as a probe of supersymmetry”, hep-ph/0205183 (2002).

[La72] J.-M. Laget, Nucl. Phys. A194, 81 (1972). [La74] P. V. Landshoff, Phys. Rev. D 10, 1024 (1974). [La88] J.M. Laget, J. Phys. G 14, (1988) 1445.

[La91] J.-M. Laget, in Modern Topics in Electron Scattering, edited by B. Frois and I. Sick (World Scientific, 1991) 290, and references therein.

[La94] J.-M. Laget and R. Mendez-Galain, Nucl. Phys. A581, 397 (1995). [La94a] J.-M. Laget, Nucl.Phys. 579 (1994) 333.

[La95] H. L. Lai et al. [CTEQ Collaboration], Phys. Rev. D 51, 4763 (1995); H. L. Lai et al., Eur. Phys. J. C12, 375 (2000).

[La97] P. Lacock et al. [UKQCD Collaboration], Phys. Lett. B401, 308, (1997). [La98] J.-M. Laget, in Proceedings of workshop on Jefferson Lab Physics & Instrumentations with 12 GeV Beams, Newport News, 1998, p. 57.

[La98a] J.-M. Laget, Proc. of the Workshop on Color Transparency, Grenoble (France), Edt.

E. Voutier, (1998) 131 ; http://isnwww.in2p3.fr/ct97.

[La00] B. Lampe and E. Reya, Phys. Rep. 332, 1 (2000); S. D. Bass and A. W. Thomas, Prog.

Part. Nucl. Phys. 33, 449 (1994).

[LAM10] Lambda/Ten Optics, 7A Stuart Road, Chelmsford, MA 01824. [Lan53] L. D. Landau, I. Y. Pomeranchuk, Dokl. Akad. Nauk SSSR 92:535, 735 (1953).

[Le80] G.P. Lepage, and S.J. Brodsky, Phys. Rev. D 22, 2157 (1980).

[Le92] Lee T-S H 1992 Few Body Syst. Supplement 6 526 ; Lee T-S H 1991 Argonne National Laboratory Preprint PHY-6886-TH-91; Lee T-S H 1991 Argonne National Laboratory Preprint PHY-6843-TH-91.

[Le96] H. Leutwyler, Phys. Lett. B378: 313-318, (1996). [Le02] G. Levman, J. Phys. G 28, 1079 (2002).

[Li00] S. Liuti, R. Ent, C. E. Keppel, and I. Niculescu, to be submitted to Phys. Rev. D. [Lu81] M. Luscher, Nucl. Phys. B180, 317 (1981). [Lu81a] T. Ludlam et al., Nucl. Instrum. Meth. 180 (1981) 413. [Lu92] M. Luke, A. V. Manohar and M. J. Savage, Phys. Lett. B288, 355 (1992). [Lu93] A. Lung et al., Phys. Rev. Lett. 70, 718 (1993). [Ma91] A. V. Manohar, Phys. Rev. Lett. 66, 289 (1991).

[Ma93] Jefferson Lab Experiment E93-038, R. Madey and S. Kowalski, spokepersons. [Ma94] N. C. R. Makins et al., Phys. Rev. Lett. 72, 1986 (1994). [Ma94a] A. D. Martin, R. Roberts and W. J. Stirling, Phys. Rev. D 50, 6734 (1994). [Ma98] A. D. Martin, R. G. Roberts, W. J. Stirling and R. S. Thorne, Eur. Phys. J. C4, 463 (1998).

[Ma98a] Y. Mardor et al., Phys. Rev. Lett. 81, 5085 (1998); A. Leksanov et al., Phys. Rev. Lett.

87, 212301-1 (2001).

[Ma00] P. Maris and P. C. Tandy, Phys. Rev. C 62, 055204 (2000). [Ma00] P. Maris, P. C. Tandy, Phys. Rev. C 62, 055204 (2000). [Ma02] Andrzej Czarneki and William J. Marciano, Phys. Rev. D64, (2001), 013014. [Ma02a] A. D. Martin, R. G. Roberts, W. J. Stirling, and R. S. Thorne, “Uncertainties of predictions from parton distributions. I: Experimental errors”, hep-ph/0211080 (2002).

[Me93] W. Melnitchouk and A. W. Thomas, Phys. Rev. D 47, 3783 (1993). [Me94] W. Melnitchouk, A. W. Schreiber and A. W. Thomas, Phys. Rev. D 49, 1183 (1994). [Me96] W. Melnitchouk and A. W. Thomas, Phys. Lett. B377, 11 (1996). [Me97] W. Melnitchouk, M. Sargsian, and M. I. Strikman, Z. Phys. A359, 359 (1997).

[Me98] W. Melnitchouk, J. Speth and A. W. Thomas, Phys. Lett. B 435, 420 (1998). [Me99] W. Melnitchouk, J. Speth and A.W. Thomas, Phys. Rev. D 59, 014033 (1999). [Me00] K. Mengel, R. Novotny, R. Beck, et al., ”Detection of Monochromatic Photons Between 50 and 790 MeV with a PbWO_4 - Scintillator Array”, to be published (1999).

[Me00] Z.-E. Meziani, Proceedings of the HiX2000 Workshop, J.P. Chen and Z.-E. Meziani, eds. [Mi56] A. B. Migdal, Phys. Rev. 103:1811 (1956).

[Mi00] J. Mitchell, Proceedings of the HiX2000 Workshop, J.-P. Chen and Z.-E. Meziani, eds. [Mi02] G. A. Miller, Phys. Rev. C 66, 032201 (2002).

[Mi02a] A. Miller (HERMES Collaboration) Proceedings of SPIN2002 BNL, Upton NY 2002. [Mi02b] G. A. Miller and A. W. Thomas, “Comment on ‘A precise determination of electroweak parameters in neutrino nucleon scattering”, hep-ex/0204007 (2002) [Mi02c] A. I. Milstein, O. P. Sushkov, and I. S. Terekhov, “Calculation of radiative corrections to the effect of parity nonconservation in heavy atoms”, hep-ph/0212072 (2002).

[Mkpc] H. Mkrtchyan et al., JLab test run results, 1999 (private communication). [ML00] Assessment of the MEGA/LASS Magnet at LANL,20 March, 2000,

(http://www.phys.cmu.edu/halld/halld notes/Note 026/). [Mo70] M. Morpurgo et al., Particle Accelerators 1, 255 (1970). [Mo79] M. Moszynski and B. Bengston, Nucl. Inst. and Meth., 158, 1 (1979). [Mo79a] M. Morpurgo et al., Cryogenics 19, 411 (1979). [Mo95] B. Moussallam, Phys. Rev. D51 (1995) 4939.

B. Ananthanarayan and B. Moussallam, hep-ph/02052702. [Mo97] C. J. Morningstar and M. Peardon, Phys. Rev. D 56, 4043 (1997). [Mo99] H. Morita, C. Ciofi degli Atti, and D. Treleani, Phys. Rev. C 60, 034603 (1999). [Mo99a] R. Mohring, Ph.D. thesis, University of Maryland, 1999. [Mopc] M. Morlet and J. Van de Wiele, private communication.

[Mu82] A. H. Mueller, in Proceedings of the Seventeenth Rencontres de Moriond, ed. J. Tran Thanh Van (Editions Frontieres, Gif-sur-Yvette, France, 1982) Vol. I 13.

[Mu83] A. H. Mueller, in Proceedings of the Seventeenth Recontre de Moriond Conference on Elementary Particle Physics, Les Arcs, France, 1982, edited by J. Tran Thanh Van (Editions Frontieres, Gif-sur-Yvette, France,1982); S. J. Brodsky, in Proceedings of the Thirteenth International Symposium on Multiparticle Dynamics, Volendam, The Netherlands, 1982, edited by W. Kittel et al. (World Scientific, Singapore, 1983).

[Mu94] D. Müller et al., Fortschr.Phys.42,101 (1994) [Mu94] D. Müller et al., Fortschr.Phys. 42, 101 (1994) [Mu95] C. R. Munz et al., Phys. Rev. C 52, 2110 (1995). [Mu96] P.J. Mulders and R.D. Tangerman, Nucl.Phys.B461, 197(1996) [Mu01] V. Muccifora, hep-ex/0106088, (2001).

[Mu02] A. Mukherjee, I.V. Musatov, H. C. Pauli, A. V. Radyushkin, hep-ph/0205315. [Na70] Y. Nambu, Univ. of Chicago Report No. 70-70 (1970) (unpublished); lectures at the Copenhagen Summer Symposium (1970) (unpublished).

[Na84] O. Nachtmann and H. J. Pirner, Z. Phys. C21, 277 (1984).

[Na88] J. Napolitano et al., Phys. Rev. Lett. 61, 2530 (1988); S.J. Freedman et al., Phys. Rev.

C 48, 1864 (1993); J.E. Belz et al., Phys. Rev. Lett. 74, 646 (1995).

[NA99] Nuclear Physics: The Core of Matter, The Fuel of Stars, The Committee on Nuclear Physics of the Board on Physics and Astronomy of the Commission on Physical Sciences, Mathematics, and Applications of the National Research Council, National Academy Press, Washington, D.C. (1999).

[Na02] A. Nathan ( for the RCS Collaboration), Workshop Proceeding for Exclusive Processes at High Momentum Transfer, A. Radyushkin and P. Stoler , eds, World Scientific (2002), 225.

[Na02a] Paul van der Nat, “Hadronization at 12 GeV,” Master’s thesis, vrije Universiteit Amsterdam/Nikhef, July 2002.

[Ne77] R. Nieman et al., IEEE Trans. on Magn., 13, 632 (1977). [Ne95] T. G. O’Neill et al., Phys. Lett. B351, 87 (1995).

[Ne00] Lattice Hadron Physics Collaboration proposal, “Nuclear Theory with Lattice QCD”, J.W. Negele and N. Isgur principal investigators, ftp://wwwctp.mit.edu/pub/negele/LatProp/.

[Ni94] N. N. Nikolaev, A. Szczurek, J. Speth, J. Wambach, B. G. Zakharov and V. R. Zoller, Phys. Rev. C 50, 1296 (1994).

[Ni99] I. Niculescu, C. Keppel, S. Liuti, and G. Niculescu, Phys. Rev. D 60, 094001 (1999). [Ni00] I. Niculescu et al., Phys. Rev. Lett. 85, 1186 (2000). [Ni00a] I. Niculescu et al., Phys. Rev. Lett. 85, 1182 (2000).

[NS96] “Nuclear Science: A Long Range Plan”, a report by the DOE/NSF Nuclear Science Advisory Committee, February, 1996.

[NS02] “Opportunities in Nuclear Science: A Long-Range Plan for the Next Decade”, a report by the DOE/NSF Nuclear Science Advisory Committee, April, 2002.

[Os99] M. Ostrick et al., Phys. Rev. Lett. 83, 276 (1999). C. Herberg et al., Eur. Phys. J. A 5, 131 (1999).

[Pa97] V. R. Pandharipande, I. Sick, and P. K. A. deWitt Huberts, Rev. Mod. Phys. 69, 981 (1997).

[Pa99] I. Passchier et al., Phys. Rev. Lett. 82, 4988 (1999).

[Pa00] E. Pace, G. Salme and S. Scopetta, to appear in Proceedings of the XVII-th European Few-Body Conference, Evora, Portugal (2000).

[Pa01] E. Pace, G. Salme and S. Scopetta, Nucl. Phys. A 689, 453 (2001); E. Pace, G. Salme, S. Scopetta and A. Kievsky, Phys. Rev. C 64, 055203 (2001).

[PDB] Particle Data Book, Phys. Rev., D66, (2002),01001. [Pe89] M. D. Petroff and M. Atac, IEEE Trans. Nucl. Sci. NS-36, 163 (1989). [Pe98] J.-C. Peng et al., Phys. Rev. D 58, 092004 (1998).

[Pe00] G. Petratos, Proceedings of the HiX2000 Workshop, J.-P. Chen and Z.-E. Meziani, eds. [Pe00a] V. Petrov et al., Phys. Rev. D 57, 4325 (1998); M. Penttinen, M. V. Polyakov, and K.

Goeke, Phys. Rev. D 62, 014024 (2000).

[PHOT] Photonis Imaging Systems, www.photonis.com.

[Pi01] S.C. Pieper, R.B. Wiringa, Ann. Rev. Nucl. Part. Sci. 51, 53 (2001). [Po99] M. V. Polyakov and C. Weiss, Phys. Rev. D 60, 114017 (1999). [Po02] P. V. Pobylitsa, Phys. Rev. D 66, 094002 (2002). [Po03] M.V. Polyakov and A.G. Shuvaev. hep-ph/0207153 [Pr78] C. Y. Prescott, et al., Phys. Lett. B77, 347 (1978). [Pr79] C. Y. Prescott, et al., Phys. Lett. B84, 524 (1979).

[Pu02] J. Pumplin, et al., JHEP 7, 12 (2002).

[Ra77] A. V. Radyushkin, JINR report P2-10717, Dubna, 1977 (unpublished). [Ra79] J. Ralston and D. Soper, Nucl. Phys. B152, 109 (1979) [Ra88] J. P. Ralston and B. Pire, Phys. Rev. Lett. 61, 1823 (1988).

[Ra90] J. P. Ralston and B. Pire, Phys. Rev. Lett. 65, 2343 (1990); B. Kundu, J. Samuelsson, P. Jain and J. P. Ralston, Phys. Rev. D 62, 113009 (2000).

[Ra91] V. A. Nesterenko and A. V. Radyushkin, Phys. Lett. B 115, 410 (1982); and A. V. Radyushkin, Nucl. Phys. A 532 141c (1991).

[Ra92] J. P. Ralston and B. Pire, Phys. Rev. Lett. 61, 1823 (1988); C. E. Carlson, M. Chachkhunashvili, and F. Myhrer, Phys. Rev. D 46, 2891 (1992).

[Ra96] A. V. Radyushkin, Phys. Lett. B380, 417 (1996); Phys. Lett. B385, 333 (1996); Phys.

Rev. D 56, 5524 (1997).

[Ra97] A. Radyushkin, Phys.Lett.B380.417 (1996); Phys. Rev. D 56, 5524 (1997). [Ra98] R. Rapp, T. Schafer, E. V. Shuryak and M. Velkovsky, Phys. Rev. Lett. 81, 53 (1998) [Ra98a] A. V. Radyushkin, Phys. Rev. D 58, 114008 (1998). [Ra99] A. V. Radyushkin, Phys.Rev.D 59, 014030 (1999). [Ra99a] M. J. Ramsey-Musolf, Phys. Rev. C60, 015501 (1999).

[Ra01] A. V. Radyushkin, in At the frontier of particle physics/Handbook of QCD, vol. 2, ed.

M. Shifman, World Scientific (2001).

[Ra01a] Radyushkin A (private communication).

[Ra02] J.P. Ralston and B. Pire, Phys. Rev. D 66, 111501 (2002) [Ra03] J. P. Ralston and P. Jain, hep-ph/0302043. [Rapc] Radyushkin A (private communication). [Ri98] G. Ricco et al., Phys. Rev. C 57, 356 (1998).

[Ro79] D. A. Ross and C. T. Sachrajda, Nucl. Phys. B149, 497 (1979). [Ro82] S. Rock et al., Phys. Rev. Lett. 49, 1139 (1982). [Ro99] D. Rohe et al., Phys. Rev. Lett. 83, 4257 (1999).

[Ru75] A. de Rújula, H. Georgi and H.D. Politzer, Ann. Phys. 103, 315 (1975).

[Sa69] J. J. Sakurai, Phys. Rev. Lett. 22, 981 (1969).

[Sa01] M. M. Sargsian, S. Simula and M. I. Strikman, Phys. Rev. C 66, 024001 (2002). [Sa03] P.R. Saull [ZEUS collaboration] arXiv:hep-ex/0003030 [Sa03a] M. Sargsian, L. Farnkfurt and M. Strikman in progress. [Sapc] M. M. Sargsian, private communication.

[Sc91] R. Schiavilla and D. O. Riska, Phys. Rev. C 43, 437 (1991); R. Schiavilla, V. R. Pandharipande and D. O. Riska, Phys. Rev. C 41, 309 (1990); and references therein.

[Sc93] R. W. Schulze and P. U. Sauer, Phys. Rev. C 48, 38 (1993). [Sc01] E.C. Schulte, et al., Phys. Rev. Lett. 87, 102302 (2001). [Se95] J. Sexton et al. [IBM Collaboration], Phys. Rev. Lett. 75, 4563 (1995). [Sh79] M.A. Shifman, A.I. Vainshtein, V.I. Zakharov, Nucl. Phys. B147, 385 (1979). [Sh79a] M. A. Shupe et al., Phys. Rev. D 19, 1921 (1979).

[Sh01] M. Shifman, Handbook of QCD, Volume 3, 1451, World Scientific (2001) [Si91] D.Sivers, Phys.Rev. D43, 261 (1991). [Si93] A. F. Sill et al.,Phys. Rev. D 48, 29 (1993).

[Si01] N. Simicevic, “Design of a Čerenkov Counter for the Q-Weak Experiment”, LATECH-CAPS-01-03A, March 12, 2001. Available in Public Access Papers area of http://www.jlab.org/qweak/ .

[Sl88] T. Sloan, G. Smadja, and R. Voss, Phys. Rep. 162, 45 (1988).

[Sm91] E. S. Smith and R. Jacobs, “Photomultiplier Tests for the CLAS TOF,” CLAS-NOTE 91-003, Feb 1, 1991.

[Sm99] G. I. Smirnov, Eur. Phys. J. C 10, 239 (1999); V. V. Burov, A. V. Molochkov, G. I. Smirnov, Phys. Lett. B466, 1 (1999).

[Sm99a] E. S. Smith et al., Nucl. Instr. and Meth. A432 (1999) 265. [Sm02] J. R. Smith and G. A. Miller, Phys. Rev. C 65, 055206 (2002). [Sm02a] E. S. Smith, “CLAS TOF Rates in an Electron Beam,” CLAS-NOTE 2002-004, Mar 8, 2002.

[So96] X. Song, Phys. Rev. D 54, 1955 (1996). [So99] L. Sorrel, E155 Technical note 81. SLAC. 1999

[So00] P. Souder, Proceedings of the HiX2000 Workshop, J.-P. Chen and Z.-E. Meziani, eds. [Sp98] J. Speth and A. W. Thomas, Adv. Nucl. Phys. 24, 83 (1998). [Spt] Signal Processing Technologies: http://www.spt.com. [St93] P. Stoler, Phys. Rep. 226, 103 (1993). [St93a] M. Stratmann, Z. Phys C60, 763 (1993). [St95] E. Stein et al., Phys. Lett. B343, 369 (1995).

[St97] F. M. Steffens and A. W. Thomas, Phys. Rev. C 55, 900 (1997). [St00] N.G. Stefanis, W. Schroers and H.-Ch. Kim, Phys. Lett. B 449, 299 (1999); and Eur. Phys. J. C 18, 137 (2000).

[St01] S. Stepanyan, et al. [CLAS collaboration], Phys. Rev. Lett. 87, 182002-1 (2001) [St02] F. M. Steffens, Phys. Lett. B 541, 346 (2002). [St03] P. Stoler, e-Print Archive: hep-ph/0307162 [STARpc] The STAR TOF Working Group, “Proposal for a Large Area Time of Flight System for STAR, STAR-TOF,” May 15, 2002.

[Sz01] A. P. Szczepaniak and M. Swat, Phys. Lett., B516:72, 2001. [Ta96] L. Tao et al., Z. Phys. C 70, 387 (1996).

[tH76] G. ’t Hooft, Phys. Rev. Lett. 37, 8 (1976); and Phys. Rev. D 14, 3432 (1976). [Th84] A. W. Thomas, Adv. Nucl. Phys. 13, 1 (1984).

[Th97] D. R. Thompson et al. (E852 Collaboration) Phys. Rev. Lett., 79:1630, 1997. [Th97] D. R. Thompson et al., Phys. Rev. Lett. 81, 5760, (1997).

[Th00] A. W. Thomas, W. Melnitchouk and F. M. Steffens, Phys. Rev. Lett. 85, 2892 (2000). [Th01] R. Thompson et al., Phys. Rev. Lett. 86, 1702 (2001). [Ti92] P. C. Tiemeijer and J. A. Tjon, Phys. Lett. 277B, 38 (1992). [Ti92] P. C. Tiemeijer and J. A. Tjon, Phys. Lett. 277B, 38 (1992).

[TOSCA] 3-D Non-linear magnetostatics computer program, SCARPIA pre-processor and OPERA post-processor, Vector Fields, Oxford, U.K.

[Uc88] T. Uchiyama and K. Saito, Phys. Rev. C 38, 2245 (1988).

[Ulpc] “MCEEP — Monte Carlo for Electro-Nuclear Coincidence Experiments”, User Manual, version 3.6, by P.E. Ulmer, Old Dominion University, unpublished (2001). Available from http://www.physics.odu.edu/~ulmer/mceep/mceep.html.

[Va00] M. Vakili et al.,[CCFR Collaboration], Phys. Rev. D 61, 052003 (2000). [Va98] M. Vanderhaeghen, M. Guidal, J.-M. Laget, Phys. Rev. C 57, 1454 (1998). [Va99] M. Vanderhaeghen, P. A. M. Guichon, and M. Guidal, Phys. Rev. D 60, 094017 (1999). [Vapc] M. Vanderhaeghen, private communication. The calculations were done using the double distribution of Radyushkin [Ra99] with and without the D”-term of Polyakov and Weiss [Po99].

[Ve87] P. Vernin, RPAC (II), CEBAF, January 1987, p. 615. [Vi92] M. Virchaux and A. Milzstajn, Phys. Lett. 74B, 221 (1992).

[Vo88] M. B. Voloshin and M. A. Shifman, Sov. J. Nucl. Phys. 47, 511 (1988); N. Isgur, Phys.

Rev. D 40, 101 (1989); Phys. Lett. B448, 111 (1999). [Vo01] J. Volmer et al., Phys. Rev. Lett. 86, 1713 (2001). [Wa77] S. Wandzura and F. Wilczek, Phys. Lett. B72, 195 (1977). [Wa80] S. T. Wang et al., Adv. in Cryogenics Engineering 25, 19 (1980). [Wa82] S. T. Wang et al., Cryogenics 22, 335 (1982). [Wa91] D. A. Wasson, Phys. Rev. Lett. 67, 2237 (1991).

[Wa95] X.-N. Wang, M. Gyulassy, and M. Plumer, Phys. Rev D51, 3436 (1995). [Wa97] M. R. Wayne, Nucl. Inst. and Meth. A386, 278 (1997).

[Wa03] G. Warren et al., “Spin Asymmetries on the Nucleon Experiment (SANE)”, Jefferson Lab Proposal P03-002.

[We71] G. B. West, Phys. Lett. B37, 509 (1971); W. B. Atwood and G. B. West, Phys. Rev. D 7, 773 (1973).

[We94] D. Weingarten, Nucl. Phys. B34 (Proc Suppl.), 29 (1994). [We96] G. West, hep-ph/9612403.

[We97] H. Weigel et al., Phys. Rev. D 55, 6910 (1997).

[We02] J. Wendland [HERMES Collaboration], http://www-hermes.desy.de/notes/pub/transpublic-index.html .

[We02a] L.B. Weinstein and R. Niyazov, proceedings of the conference ‘Electron-Nucleus Scattering VII’, Elba, June 26, 2002. nucl-ex/0209014.

[Wh92] L. Whitlow et al., Phys. Lett. B282, 475 (1992). [Wi00] R. Wigmans, Calorimetry, Oxford Science Pub. (2000). [Wo81] R. C. Wolgast et al., IEEE Trans. on Magn. 17, 195 (1981). [Wo89] R. M. Woloshyn, Nucl. Phys. A496, 749 (1989). [Wo97] C. S. Wood, et al., Science 275, 1759 (1997).

[Wopc] B. Wojtsekhowski and C. Hyde-Wright, private communication; K. Abe et al., Phys.

Lett. B404, 404 (1997); P. L. Anthony et al., Phys. Lett. B458, 529 (1999). [WP01] “The Science Driving the 12 GeV Upgrade of CEBAF”, an internal report of the Thomas Jefferson National Accelerator Facility, Newport News, VA (2001) [Xiln] Xilinx: http://www.xilinx.com.

[Yu95] Yu. Prokoshkin, S. A. Sadovski, Phys. Atom. Nucl., 58:606, 1995. [Za01] B. Zaroukian, J. Kaditz, C. A. Meyer and P. Eugenio, A Study of leakage in Partial Wave Analysis for the HallD Detector at Jefferson Lab, July 2001, (http://www.phys.cmu.edu/halld/halld notes/Note 051/).

[Ze01] G. P. Zeller, et al., Phys. Rev. Lett. 88, 091802 (2002). [Zepc] Z. Li, Brokhaven National Laboratory, private communications (2002) [Zh01] H. Zhu et al., Phys. Rev. Lett. 87, 081801 (2001). [Zh01a] L.Y. Zhu, Hall A data analysis workshop, Dec. 11-12, 2001.

(http://www.jlab.org/~lyzhu/work/dec01.ps.gz) [Zh03] Q. Zhao and F. Close, private communication. [Zh03a] L.Y. Zhu et al., Phys. Rev. Lett. 91, 022003 (2003).

List of Figures

1 QCD predicts a confining flux tube is formed between distant static charges. . . . . 3 2 Evidence for flux tubes and linear potentials from lattice QCD. . . . . . . . . . . . . 4 3 Model-independent spectrum of the glue (flux tube) of Fig. 1. . . . . . . . . . . . . . 5 4 The results of a double-blind Monte Carlo simulation of the GlueX experiment. . . . 6 5 The relative splittings of the Qd̄ states and the QQ̄ states, both shown from the heaviest to the lightest. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 7 6 A model of the Generalized Parton Distribution (GPD) H(x, ξ, t = 0) in two dimensions. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 10 7 Representations of the proton properties probed in elastic scattering, deeply inelastic scattering, and deeply exclusive scattering. . . . . . . . . . . . . . . . . . . . . . . . . 11 8 The result of the JLab measurement of G^p_E /G^p_M and the range of the projected measurements, both compared to a variety of theories. . . . . . . . . . . . . . . . . . 12 9 A projected measurement of the neutron polarization asymmetry A^n_1 , determined by the spin structure of the valence quarks, made possible by the proposed 12 GeV Upgrade. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 13 10 The ratio of polarized to unpolarized valence down quark distribution functions measured in semi-inclusive deep inelastic scattering . . . . . . . . . . . . . . . . . . . 14 11 A projected measurement of the ratio of momentum distributions of valence d quarks to u quarks made possible by the proposed 12 GeV Upgrade . . . . . . . . . . . . . . 14 12 The “handbag” diagrams for deeply virtual Compton scattering and deeply virtual meson production. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 16 13 Projected data for the DVCS beam spin asymmetry from JLab at 11 GeV . . . . . . 17 14 A model u-quark phase space charge distribution in 3D coordinate space for three Feynman momentum fractions. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 18 15 The quark spatial and spin distributions in the transverse plane from model calculations. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 19 16 Phase diagram for nuclear matter. . . . . . . . . . . . . . . . . . . . . . . . . . . . . 25

17 Available data projected results for a differential cross-section measurement of deuteron photodisintegration. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 27 18 Projected measurements of the pion elastic form factor . . . . . . . . . . . . . . . . . 29 19 Projected measurements of the charged pion photoproduction cross section at a C.M.

angle of 90^∘ . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 29 20 Relative shifts in Q^e_{weak} and Q^{proton}_{weak} from SUSY effects . . . . . . . . . . . . . . . . . 31 21 The importance of Γ_{η→γγ} in the measurement of the quark mass ratio . . . . . . . . 32 22 The η − η^′ mixing angle as determined by a previous Primakoff measurement, γ − γ collisions, and the projected result with the Jefferson Laboratory 12 GeV Upgrade . 32 23 The configuration of the proposed 12 GeV CEBAF Upgrade. . . . . . . . . . . . . . 35 24 Three-dimensional CAD drawing of the MAD spectrometer . . . . . . . . . . . . . . 37 25 Three dimensional CAD drawing of the CLAS^{++} detector. . . . . . . . . . . . . . . . 39 26 A CAD drawing of the new SHMS spectrometer installed in Hall C together with the existing HMS and SOS spectrometers. . . . . . . . . . . . . . . . . . . . . . . . . 44 27 The proposed detector for the study of the photoproduction of mesons in the mass region around 2 GeV. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 47 28 Level diagram for mesons and exotics . . . . . . . . . . . . . . . . . . . . . . . . . . 53 29 The qq̄ spectrum . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 54 30 Field lines associated with forces. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 56 31 Lattice calculation of energy density . . . . . . . . . . . . . . . . . . . . . . . . . . . 56 32 3π mass distributions . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 58 33 Intensities distributions in the 3π system. . . . . . . . . . . . . . . . . . . . . . . . . 59 34 Intensity in the exotic wave. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 59 35 Breit-Wigner fit results. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 60 36 Production of Hybrid Mesons . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 61 37 Photoproduction cross sections . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 62

38 3π spectrum from SLAC data. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 64 39 Photproduction of particles . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 66 40 | t | distributions. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 66 41 Schematic diagrams of form factor reactions that can be expressed in terms of the GPD formalism . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 74 42 Form factor reactions that can be expressed in terms of the valence pQCD formalism 75 43 The GPD H(x, b_⊥) = u(x, b_⊥) obtained from the GPD H(x, 0; Δ_⊥) . . . . . . . . . . 78 44 The π^+ form factor . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 80 45 The proton magnetic form factor . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 82 46 The status of the JLab measurement of G^p_E /G^p_M and the range of the projected measurements . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 82 47 The current status of the data for G^n_M , and the projections for the Hall B program with the 12 GeV upgrade . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 83 48 The neutron electric form factor G^n_E . . . . . . . . . . . . . . . . . . . . . . . . . . . . 84 49 Kinematic coverage of the planned RCS experiments with the 12 GeV upgrade . . . 86 50 The recoil polarization observable K_{LL} measured in the recent real Compton scattering experiment with projected data for a proposed experiment . . . . . . . . . . . 86 51 The statistical accuracy of R^{π0}_A (t) anticipated in the Hall B measurement of the exclusive π^0 electroproduction. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 87 52 The Delta resonance transition form factor G^∗_M , as compared to the dipole G_D . . . 88 53 The E_{1+}/M_{1+} (or - G^∗_E/G^∗_M ) ratio for Delta excitation. . . . . . . . . . . . . . . . . 88 54 Existing JLab data for S_{1+}/M_{1+} and JLab Hall B 12 GeV projections. . . . . . . . 88 55 The JLab data for the N → S_{11} helicity amplitude Q^3A_{1/2} . . . . . . . . . . . . . . 91 56 Ratio R^{np} of neutron to proton structure functions as a function of x, extracted from the SLAC data on the deep inelastic proton and deuteron structure functions. . . . . 93 57 Sample of large-x data for A^p_1 and A^n_1 . . . . . . . . . . . . . . . . . . . . . . . . . . 96 58 The ratio F^n_2 /F^p_2 versus x . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 98

59 Projected measurements for R = σ_L/σ_T at x = 0.8 . . . . . . . . . . . . . . . . . . . 100 60 Lowest moments M_n(Q^2) of the proton–neutron F_2 structure function difference, for n = 2, 4, and 6, as a function of Q^2. . . . . . . . . . . . . . . . . . . . . . . . . . . . 101 61 Projected errors for measurements of asymmetries A_1 in the large-x region made possible by the proposed 12 GeV Upgrade . . . . . . . . . . . . . . . . . . . . . . . . 103 62 Expected data with CLAS^{++} in Hall B for the polarization asymmetries of the proton and deuteron . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 105 63 Longitudinal beam-target polarization asymmetry of a proton versus W , for an 11 GeV measurement at Q^2 = 8 (GeV/c)^2 in Hall C. . . . . . . . . . . . . . . . . . 106 64 Projected errors for x^2g_2(x) for the neutron and proton from 11 GeV JLab measurements . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 107 65 Neutron twist-3 matrix element d^n_2 data and projected errors for a 12 GeV JLab measurement . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 108 66 Projected errors for the ratio of polarized to unpolarized quark distribution functions compared with HERMES data . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 109 67 The projected precision of d̄/ū extractions compared with the FNAL E866 Drell-Yan [Ha98] measurements. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 111 68 Simulated data for the pion structure function at Q^2 = 1.5 and 3.0 (GeV/c)^2 . . . . 111 69 Two dimensional image of H(x, ξ, t) from a model with factorized t-dependence . . . 114 70 Model “tomographic” images of quarks in the transverse plane . . . . . . . . . . . . 117 71 Representative handbag diagrams for deeply virtual Compton scattering and deeply virtual meson production . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 118 72 Scaling cross sections for the production of photons (DVCS), pseudoscalar mesons, and vector mesons . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 119 73 Beam spin asymmetry measured with CLAS . . . . . . . . . . . . . . . . . . . . . . . 119 74 Comparison of data on the Q^2 dependence of the γγ^∗π^∘ form factor with two calculations . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 120 75 DVCS and Bethe-Heitler cross section for different beam energies . . . . . . . . . . . 121

76 Kinematics coverage for deeply virtual exclusive processes for experiments at various laboratories . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 122 77 Kinematics for DVCS beam asymmetry measurements at 11 GeV . . . . . . . . . . . 123 78 Projected data for the sin ϕ moment A^{sin ϕ}_{LU} of the DVCS/BH asymmetry . . . . . . . 124 79 Projected Hall A data for the beam-helicity dependent cross section weighted by Bethe-Heitler denominator at Q^2 = 7 GeV^2 . . . . . . . . . . . . . . . . . . . . . . . 125 80 Projected results for the separation of sin ϕ and sin(2ϕ) terms in Fig. 79. . . . . . . 126 81 Projected data for longitudinal target asymmetry measured in CLAS^{++} . . . . . . . 127 82 The handbag diagrams for DVCS and DDVCS . . . . . . . . . . . . . . . . . . . . . 128 83 The handbag diagram for ΔDVCS . . . . . . . . . . . . . . . . . . . . . . . . . . . . 129 84 Inelastic DVCS as measured at 4.3 GeV . . . . . . . . . . . . . . . . . . . . . . . . . 130 85 Asymmetry predicted for the ΔDVCS at 11 GeV. . . . . . . . . . . . . . . . . . . . . 130 86 World data for R = σ_L/σ_T as a function of Q^2 . . . . . . . . . . . . . . . . . . . . . 132 87 Preliminary data from CLAS on the longitudinal cross section for ρ production at 4.3 GeV beam energy . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 133 88 Data from HERMES on longitudinal cross sections for ρ^0 production from protons at a beam energy of 27 GeV . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 134 89 Projected data on ρ^0 production from protons using CLAS^{++} . . . . . . . . . . . . . 135 90 Projected data for a Rosenbluth separation of ep → enπ^+ in Hall C at t = t_{min}, x_B = 0.55. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 135 91 Projected CLAS^{++} data for a Rosenbluth separation of ep → enπ^+ for x_B = 0.45, −t = 0.5 GeV^2. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 136 92 Projected CLAS^{++} data on the transverse target asymmetry for ρ^0 production on protons . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 137 93 Interaction of struck quark and the target spectators[Br02]. . . . . . . . . . . . . . . 139 94 Beam SSA: HERMES vs CLAS . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 141

95 Projected transverse spin asymmetry (A^{sin ϕ}_{U T} ) in single π^+ production with CLAS at 12 GeV, and expected precision of the extracted δu/u . . . . . . . . . . . . . . . . . 142 96 Kinematic coverage for single-spin asymmetry measurements at JLab at 12 GeV. . . 143 97 Target SSA . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 143 98 The Δϵ range accessible at x = 0.8 in Hall C as a function of Q^2 . . . . . . . . . . . 147 99 The (x, Q^2) ranges available with the SHMS and HMS spectrometers for Δϵ ranges above 0.3. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 147 100 Phase diagram for hadronic matter. . . . . . . . . . . . . . . . . . . . . . . . . . . . 154 101 Distribution of super-fast quarks for deuteron assuming just two nucleons or including a 5% contribution from a 6-quark bag . . . . . . . . . . . . . . . . . . . . . . . . 156 102 The scaling window for α = 1.4. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 158 103 The Q^2-dependence of nuclear transparency . . . . . . . . . . . . . . . . . . . . . . . 160 104 Data from the Hall A^3He(e, e^′p)d experiment . . . . . . . . . . . . . . . . . . . . . . 161 105 Ratio R = σ(p_m = 400 MeV/c)/σ(p_m = 200 MeV/c) for D(e,e′p) reaction . . . . . . 162 106 Projected uncertainties for a measurement of transparency in ρ-electroproduction in Hall B . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 163 107 Projected uncertainties for measurement of transparency in pion electroproduction in Hall C. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 163 108 Projected uncertainties on the ratio of cross sections at transfered momenta 0.4 GeV/c^2 and 0.8 GeV/c^2 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 164 109 Variation of the cross sections of J/ψ elastic photoproduction near threshold, for two or three gluon exchange mechanisms . . . . . . . . . . . . . . . . . . . . . . . . . 165 110 The simplest diagram to reveal hidden color state in deuterium . . . . . . . . . . . . 165 111 Artist’s concept of the hadronization process in the valence quark regime . . . . . . 168 112 Schematic example of possible results for hadronization length scales . . . . . . . . . 170 113 Schematic example of possible results for transverse momentum broadening . . . . . 170

114 Statistical error per day of beam time as a function of beam energy for Q^2=6 (GeV/c)^2 at various recoil momenta . . . . . . . . . . . . . . . . . . . . . . . . . . . 174 115 Statistical error per day of beam time for a beam energy of 11 GeV as a function of missing momenta for a variety of values of Q^2 . . . . . . . . . . . . . . . . . . . . . . 174 116^3He(e, e^′pp)n measured with CLAS in one day at E_0 = 4.4 GeV . . . . . . . . . . . . 175 117 Prediction of the onset of scaling for the^{56}Fe(e, e^′)X reaction. . . . . . . . . . . . . . 178 118 The π^+ form factor . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 181 119 The charged pion photoproduction differential cross-section ratio at a C.M. angle of 90^∘, as a function of |t| . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 181 120 Projected data for the deuteron form factor F_d(Q^2) with an 11 GeV beam. . . . . . 183 121 Projected data for the^3He elastic form factor F (Q^2) with an 11 GeV beam. . . . . . 183 122 High energy deuteron photodisintegration differential cross sections scaled by s^{11}. . . 185 123 Projected results for deuteron photodisintegration polarizations with MAD. . . . . . 185 124 The scaled differential cross-section for the n(γ, π^−p) process at a C.M. angle of 90^∘, as a function of C.M. energy squared s in GeV^2 . . . . . . . . . . . . . . . . . . . . . 186 125 The scaled differential cross-section for the p(γ, π^+)n process at C.M. angle of 90^∘, as a function of cms energy squared, s, in GeV^2 . . . . . . . . . . . . . . . . . . . . . 186 126 The scaled differential cross-section for the p(γ, π^0)p process at C.M. angle of 90^∘, as a function of cms energy squared s in GeV^2 . . . . . . . . . . . . . . . . . . . . . 188 127 Estimated uncertainties for the induced polarization in ⃗γp → ⃗pπ^0 for E_γ = 6.9 GeV, as a function of π^0 angle. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 188 128 The projected results for nuclear transparency for photo-pion production from a^{12}C target . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 189 129 The projected results for nuclear transparency for photo-pion production from a^4He target . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 189 130 Relative shifts in Q^e_{weak} and Q^{proton}_{weak} from SUSY effects . . . . . . . . . . . . . . . . . 192 131 There has been a steady progression with time in the difficulty of Standard Models tests which employ parity violating electron scattering . . . . . . . . . . . . . . . . . 195

132 Schematic of a 12 GeV Møller experiment . . . . . . . . . . . . . . . . . . . . . . . . 196 133 The limits on C_{2u} and C_{2d} . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 199 134 The running of sin^2 θ_W in the MS scheme showing two measurements: e2ePV/Møller and DIS-Parity . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 201 135 Symmetry breaking and quark mass effects for the light pseudoscalar mesons. . . . 202 136 The importance of Γ_{η→γγ} in the measurement of Q . . . . . . . . . . . . . . . . . . . 206 137 Two-photon decay width for the η meson . . . . . . . . . . . . . . . . . . . . . . . . 207 138 The η − η^′ mixing angle as determined by a previous Primakoff measurement, γ − γ collisions, and the projected result with the Jefferson Laboratory 12 GeV upgrade. 207 139 Differential cross sections (electromagnetic and nuclear) for the γ +^4 He → η +^4 He reaction at small angles at 10 GeV. . . . . . . . . . . . . . . . . . . . . . . . . . . . . 208 140 The π^o transition form factor . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 212 141 The η transition form factor . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 212 142 Three-dimensional CAD drawing of Hall A showing the MAD Spectrometer with one of the present high resolution spectrometers . . . . . . . . . . . . . . . . . . . . . 217 143 The field vs. current for the MAD-1 and MAD-2 combined-function magnets . . . . 221 144 A TOSCA plot of the magnitude of the magnetic field in the warm bore of the combined-function MAD magnet . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 222 145 Exterior view of one of MAD’s combined function magnets. . . . . . . . . . . . . . . 222 146 Plot of the dipole component (B_y ) and of the field gradient of the MAD-1 magnet along the centerline from the magnet center to 300 cm along the axis. . . . . . . . . 223 147 The distribution of extreme trajectories in the MAD Spectrometer . . . . . . . . . . 227 148 The MAD spectrometer’s momentum, y_0, θ, and ϕ resolution . . . . . . . . . . . . . 229 149 Configuration of the detector package for electrons and hadrons . . . . . . . . . . . . 233 150 Number of photo-electrons expected for high-energy electrons in the gas Čerenkov counter . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 236 151 The deviation of velocity from 1 vs. momentum for protons, pions and kaons . . . . 237

152 Layout of the MAD focal plane polarimeter. . . . . . . . . . . . . . . . . . . . . . . . 240 153 The upgraded CLAS^{++} detector. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 246 154 CLAS^{++} Central detector region . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 249 155 Field distribution in the solenoid magnet and the flux return yoke . . . . . . . . . . 251 156 Perspective view of the central electromagnetic calorimeter inside the solenoid magnet.253 157 Central calorimeter . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 253 158 Containment versus fraction of plastic. . . . . . . . . . . . . . . . . . . . . . . . . . . 255 159 Sampling errors versus fraction of plastic. . . . . . . . . . . . . . . . . . . . . . . . . 256 160 Perspective view of the central TOF system . . . . . . . . . . . . . . . . . . . . . . . 257 161 Time differences between protons and pions, and between kaons and pions over the 25 cm path length expected for the outer TOF system. . . . . . . . . . . . . . . . . . 257 162 Rates summed over all six sectors as a function of threshold at a luminosity of 0.9 × 10^{34}cm^{−2}s^{−1} . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 258 163 Cathode chamber view of two superlayers. . . . . . . . . . . . . . . . . . . . . . . . . 259 164 Concept of a Silicon Strip Detector covering the angular range from 5^o to 135^o. . . . 260 165 Concept of the High Threshold Čerenkov Detector located inside the Torus coil arrangement. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 264 166 Optics of the High Threshold Čerenkov Detector . . . . . . . . . . . . . . . . . . . . 265 167 Distribution of the number of photoelectrons N_{pe} for the HTCC in the ϕ − θ plane and the average N_{pe} versus the polar angle . . . . . . . . . . . . . . . . . . . . . . . . 266 168 Time differences between protons and pions, and between kaons and pions over the 500 cm path length expected for the outer TOF system. . . . . . . . . . . . . . . . . 267 169 Previous measurements from two prototype tof detectors . . . . . . . . . . . . . . . . 268 170 Expected resolution for the existing tof detectors . . . . . . . . . . . . . . . . . . . . 268 171 Resolution for various scintillators showing the tradeoff between attenuation length and scintillator decay time. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 270 172 Arrangement of the Inner Calorimeter covering the regions of the torus magnet coils 271

173 Distance between hit positions of the two photons from π^0 decay at the FEC plane as a function of the pion momentum . . . . . . . . . . . . . . . . . . . . . . . . . . . 272 174 π^0 reconstruction efficiency from the reaction ep → epπ^o with beam energy of 11.5 GeV . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 273 175 3-d view of a corner of the pre-shower module . . . . . . . . . . . . . . . . . . . . . . 274 176 CLAS^{++} DAQ bloc diagram . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 278 177 Sketch of the High-Momentum Spectrometer . . . . . . . . . . . . . . . . . . . . . . 280 178 HMS Spectrometer Representative Data . . . . . . . . . . . . . . . . . . . . . . . . . 281 179 CAD Drawing of the Hall C Spectrometers . . . . . . . . . . . . . . . . . . . . . . . 283 180 SHMS Spectrometer Key Dimensions . . . . . . . . . . . . . . . . . . . . . . . . . . . 284 181 Comparison of the Q1 gradients along Z at 7.1 T/m and 8.6 T/m. . . . . . . . . . . 285 182 Magnetic Fields in Q1 at High Current. . . . . . . . . . . . . . . . . . . . . . . . . . 286 183 Cut-Away View of QD30 Magnet . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 286 184 Magnetic Field Magnitude in QD30 Midplane . . . . . . . . . . . . . . . . . . . . . . 288 185 QD30 Yoke Saturation . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 288 186 QD30 Dipole Field (B_y ) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 289 187 QD30 Quadrupole Field . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 289 188 SHMS Pivot with Slider. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 292 189 Hall C Pivot with SOS, SHMS, and HMS Attached . . . . . . . . . . . . . . . . . . . 292 190 The SHMS-HMS spectrometer pair in two extreme configurations. . . . . . . . . . . 293 191 Rays Tracked through the SHMS by COSY for the SSA Tune . . . . . . . . . . . . . 298 192 Polynomial Coefficients in the QD Magnetic Field Model . . . . . . . . . . . . . . . . 299 193 Rays Tracked through the SHMS by COSY for the LSA Tune . . . . . . . . . . . . . 301 194 The Phase Space Acceptance for the LSA and SSA Tunes . . . . . . . . . . . . . . . 304 195 Particle Hit Density at z = 0 for Various Target Lengths . . . . . . . . . . . . . . . . 305

196 Particle Hit Density at Detector Locations for the LSA Tune . . . . . . . . . . . . . 306 197 Resolutions at the Target vs. δ for the SSA Tune . . . . . . . . . . . . . . . . . . . . 307 198 Block Diagram of SHMS Detector Arrangement. . . . . . . . . . . . . . . . . . . . . 308 199 Measured Residual Distributions in the SOS Wire Chambers . . . . . . . . . . . . . 310 200 Block diagram of the SHMS Wire Chamber Assembly . . . . . . . . . . . . . . . . . 311 201 Pion/Kaon Discrimination from dE/dx . . . . . . . . . . . . . . . . . . . . . . . . . . 311 202 Time-of-Flight Relative to Electrons vs. Momentum . . . . . . . . . . . . . . . . . . 312 203 Placement of the Scintillator and Čerenkov Hodoscopes . . . . . . . . . . . . . . . . 313 204 Summary of the SHMS Particle Identification Resolving Power . . . . . . . . . . . . 316 205 Linearity and Resolution of a Lead Glass Calorimeter . . . . . . . . . . . . . . . . . 317 206 Electron – Pion Discrimination Power of a Lead Glass Calorimeter . . . . . . . . . . 318 207 Pressure and Photoelectron Yield for the C_4F_{10} Čerenkov . . . . . . . . . . . . . . . 320 208 Schematic Design for the SHMS Heavy Gas Čerenkov Detector. . . . . . . . . . . . 321 209 Pion Efficiency of TRDs as a Function of the Detector Length . . . . . . . . . . . . . 323 210 TRD Module and Output Signals . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 323 211 Hadron Velocity 1 − β as a Function of Momentum . . . . . . . . . . . . . . . . . . . 325 212 SHMS Detector Package using the Focal Plane Polarimeter . . . . . . . . . . . . . . 326 213 A schematic view of the Hall D photon beam line. . . . . . . . . . . . . . . . . . . 330 214 The effect of collimation on the coherent bremsstrahlung spectrum . . . . . . . . . . 331 215 Maximum polarization vs radiator-collimator distance for a coherent peak at 9 GeV 332 216 A 3D cutaway view of the GlueX detector and schematic diagram of its major subsystems . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 333 217 The GlueX Start Counter and Central Tracker. . . . . . . . . . . . . . . . . . . . . 335 218 The Forward Calorimeter. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 338 219 The GlueX Barrel Calorimeter . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 339

220 Sketch of a upstream photon veto segment . . . . . . . . . . . . . . . . . . . . . . . . 341 221 Particle Identification in GlueX . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 342 222 The Čerenkov detector . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 343 223 Block diagram of prototype fadc board. . . . . . . . . . . . . . . . . . . . . . . . . . 345 224 Block diagram of prototype tdc board. . . . . . . . . . . . . . . . . . . . . . . . . . 346 225 Simulated PWA Results in GlueX . . . . . . . . . . . . . . . . . . . . . . . . . . . . 351 226 The results of a double-blind Monte Carlo exercise showing the J^{P C} = 1^{−+} exotic wave . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 352 227 Polarization in PWA . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 352 228 Side view of the experimental setup for η and η^′ two–gamma decay width measurements354 229 Focal plane detectors for the proposed high energy tagging system . . . . . . . . . . 355 230 Background events in the calorimeter projected to the horizontal (dispersive) plane for a photon tagging (photoproduction) run. . . . . . . . . . . . . . . . . . . . . . . . 356 231 Energy distribution in calorimeter corresponding to the events in Fig. 230 (photon run). . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 357 232 Monte Carlo simulation of expected yield as a function of angle for ηγγ events on^4He.359 233 Coulomb photoproduction of the η^′ as a function of angle. . . . . . . . . . . . . . . . 360

List of Tables

1 Selected key parameters of the CEBAF 12 GeV Upgrade . . . . . . . . . . . . . . . . 35 2 The design characteristics of the MAD spectrometer shown along with HRS performance. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 37 3 CLAS^{++} : acceptance and resolution . . . . . . . . . . . . . . . . . . . . . . . . . . . 41 4 CLAS^{++} : operating luminosity . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 41 5 HMS performance and SHMS specifications . . . . . . . . . . . . . . . . . . . . . . . 44 6 Summary of the GlueX detector’s characteristics. . . . . . . . . . . . . . . . . . . . . 46 7 Photoproduction cross sections . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 63 8 Comparison of the figure of merit for large x measurements of the A^n_1 structure function at HERA, SLAC, and JLab. . . . . . . . . . . . . . . . . . . . . . . . . . . . 102 9 Leading twist transverse momentum dependent distribution functions . . . . . . . . 139 10 CLAS^{++} Program Summary - Quark Transverse Momentum and Nucleon Orbital Angular Momentum in Semi-inclusive DIS . . . . . . . . . . . . . . . . . . . . . . . 144 11 The values of nuclear transparencies for J/ψ propagation . . . . . . . . . . . . . . . 166 12 Parameters for the SLAC E158 experiment from the proposal compared to those for a potential Jefferson Lab experiment at 12 GeV. . . . . . . . . . . . . . . . . . . . . 194 13 Projected uncertainties for ongoing SLAC E158 (from the proposal) and for a potential Jefferson Lab measurement at 12 GeV. . . . . . . . . . . . . . . . . . . . . . 194 14 Possible sources of systematic uncertainty in the measurement of A_d. . . . . . . . . . 199 15 The design characteristics of the MAD spectrometer shown along with the HRS performance. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 215 16 The parameters necessary to evaluate the cryogenic stability by the Steckly criteria for the MAD Magnets . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 223 17 Properties of the large-acceptance spectrometer magnets. . . . . . . . . . . . . . . . 224 18 Performance estimates for the MAD spectrometer . . . . . . . . . . . . . . . . . . . . 226

19 The first-order TRANSPORT matrices in natural units (m) for various configurations of the MAD spectrometer . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 228 20 MAD detector parameters . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 231 21 Single rates in MAD detector (kHz) with E_{beam} = 11 GeV , I_{beam} = 70 μA, and a 15 cm long liquid hydrogen target. . . . . . . . . . . . . . . . . . . . . . . . . . . . . 232 22 Geometrical specifications for scintillator planes. . . . . . . . . . . . . . . . . . . . . 234 23 Collection efficiency of photons for each phototube. . . . . . . . . . . . . . . . . . . . 236 24 The momentum threshold to produce Čerenkov radiation. . . . . . . . . . . . . . . . 238 25 Equipment needed for the triggering system of the MAD detector package . . . . . . 241 26 Comparison of Pb-Glass, PbF_2, and PbWO_4 calorimeter properties. . . . . . . . . . 242 27 Key parameters of Beam Quality - present and with upgrade . . . . . . . . . . . . . 244 28 Central Electromagnetic Calorimeter parameters . . . . . . . . . . . . . . . . . . . . 252 29 Rise time for various PMTs. The existing CLAS detector uses XP2262 PMTs. . . . 269 30 Properties of several scintillators. The existing CLAS detector utilizes BC-408 scintillator. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 269 31 HMS Performance and SHMS Specifications . . . . . . . . . . . . . . . . . . . . . . . 282 32 Q1 comparison between HMS at 1010 A and SHMS at 1291 A. . . . . . . . . . . . . 285 33 SHMS QD30 Magnet Parameters. . . . . . . . . . . . . . . . . . . . . . . . . . . . . 290 34 SHMS Optics Parameters for SSA and LSA Tunes . . . . . . . . . . . . . . . . . . . 300 35 Sensitive Areas of the Detectors . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 308 36 Nominal Dimensions of the Hodoscope Elements . . . . . . . . . . . . . . . . . . . . 314 37 Operating parameters for an experiment using the coherent bremsstrahlung beam. . 347 38 Rates and Processing Requirements . . . . . . . . . . . . . . . . . . . . . . . . . . . 348 39 Estimation of the experimental uncertainties for Γ(η → γγ) measurement. . . . . . . 359

Contributors to the pCDR

Name Institution

Abbott, D. Jefferson Lab Ambrozewicz, P. Temple University Abu-raddad, L.J. Florida State University Adams, G. Rensselaer Polytechnic Institute Afanasev, A. Jefferson Lab Aghalaryan, A. Yerevan Physics Institute Ahmidouch, A. North Carolina A&T State University Akushevich, I. North Carolina Central University Amatuni, T. Yerevan Physics Institute Ananyan, S. College of William and Mary Angelescu, T. Bucharest University Anghinolfi, M. Istituto Nazionale di Fisica Nucleare, Genova Aniol, K. California State at Los Angeles Anklin, H. Florida International University Annand, J. University of Glasgow Anselmino, M. Istituto Nazionale di Fisica Nucleare,Torino Anthony, I. University of Glasgow Armstrong, C. Jefferson Lab Armstrong, D. College of William and Mary Arndt, R. George Washington University Arrington, J. Argonne National Laboratory Arvieux, J. C.E.A. SACLAY Asaturyan, R. Yerevan Physics Institute Assamagan, K. Hampton University Avakian, H. Jefferson Lab Averett. T. College of William and Mary Avery, S. Hampton University Aznauryan, I. Yerevan Physics Institute Bailey, K. Argonne National Lab Baker, O. K. Hampton University Ball, J. C.E.A. SACLAY Barbosa, F. Jefferson Lab Barden, H. University of Heidelberg Barnes, T. Oak Ridge National Laboratory Battaglieri, M. Istituto Nazionale di Fisica Nucleare, Genova Beard, K. Jefferson Lab Beck, D. University of Illinois at Urbana-Champaign Bedlinsky, I. Institute of Theoretical and Experimental Physics, Moscow Beedoe, S. North Carolina A&T State University Beise, E. University of Maryland Bektasoglu, M. Ohio University Belitsky, A. University of Maryland Benesch, J. Jefferson Lab Benhar, O. Istituto Nazionale di Fisica Nucleare, Sanita Benmerrouche, M. University of Saskatchewan Bennhold, C. George Washington University Berman, B. George Washington University Bernstein, A. Massachusetts Institute of Technology Bertin, P. University of Clermont-Ferrand Bertozzi, W. Massachusetts Institute of Technology Beuville, E. INDIGO Systems Corp Bianchi, N. Istituto Nazionale di Fisica Nucleare, Frascati Bimbot, L. Institute de Physique Nucleare, Orsay

Bird, I. CERN Biselli, A. Carnegie Mellon University Black, T. Massachusetts Institute of Technology Blok, H. Vrije Universiteit Bodyagin, V. Moscow State University Boeglin, W. Florida International University Boglione, M. Vrije Universiteit Boiarinov, S. Institute of Theoretical and Experimental Physics, Moscow Boluchevskii, A. Moscow State University Bossingham, R. Lawrence Berkeley Laboratory Bosted, P. University of Massachusetts Boswell, M. Randolph-Macon Woman’s College Bowman, D. Los Alamos National Laboratory Boyarinov, S. Jefferson Lab Boyce, J. Jefferson Lab Branford, D. Edinburgh University Brash, E. University of Regina Breuer, H. University of Maryland Brindza, P. Jefferson Lab Brisco, W. George Washington University Brodsky, S. Stanford Linear Accelerator Facility Brooks, W. Jefferson Lab Brower, R. Boston University Brown, D. University of Maryland Bruell, A. Massachusetts Institute of Technology Buck, W. University of Washington Burkert, V. Jefferson Lab Burks, M. Lawrence Berkeley Laboratory Burtin, E. C.E.A. Saclay Camsonne, A. University de Clermont Ferrand Capstick, S. Florida State University Cardarelli, F. University of Rome Cardman, L. Jefferson Lab Carlini, R. Jefferson Lab Carlson, C. College of William and Mary Carman, D. Ohio University Cates, G. University of Virginia Cha, J. Mississippi State University Chattopadhyay, S. Jefferson Lab Chang, C. C. University of Maryland Chang, T. University of Illinois at Urbana-Champaign Chant, N. University of Maryland Chen, J. -P. Jefferson Lab Choi, S. Temple University Christy, M. Hampton University Chudakov, E. Jefferson Lab Chung, S. Brookhaven National Laboratory Cisbani, E. Istituto Nazionale di Fisica Nucleare Roma Clark, R. Carnegie-Mellon University Close, F. University of Oxford Coffman, D. Cornell University Cole, P. University of Texas at El Paso Collins, G. University of Maryland Cords, D. Jefferson Lab Coriano, C. Instituto Nazionale de Fisica Nucleare, Genova Corvisiero, P. Istituto Nazionale di Fisica Nucleare, Genova Cowley, A. University Stellenbosch Crabb, D. University of Virginia Crannell, H. Catholic University of America

Cummings, J. Rensselaer Polytechnic Institute Cummings, W. Argonne National Laboratory Cwetanski, P. Lawrence Berkeley Laboratory Dale, D. University of Kentucky Danagoulian, S. North Carolina A&T State University Davidson, R. Princeton Plasma Physics Laboratory Day, D. University of Virginia de Jager, K. Jefferson Lab De Leo, R. Istituto Nazionale di Fisica Nucleare, Bari de Witt Huberts, P. NIKHEF Degtiarenko, P. Jefferson Lab Demianov, A. Moscow State University Denisov, S. Institute for Higher Energy Physics, Protvino Dennis, L. Florida State University DeSanctis, E. Istituto Nazionale di Fisica Nucleare, Frascati De Vita, R. Instituto Nazionale de Fisica Nucleare, Genova Deur, A. CEA, SACLAY Didelez, J.-P. IPN ORSAY Diehl, M. Stanford Linear Accelerator Center Dieterich, S. Rutgers University Djalali, C. University of South Carolina Dodge, G. Old Dominion University Domingo, J. Jefferson Lab Dor, D. C.E.A. Saclay Doughty, D. Christopher Newport University Dragovitsch, P. Florida State University Dugger, M. Arizona State University Duncan, F. Queens University Dunne, J. Mississippi State University Dutta, D. Massachusetts Institute of Technology Dytman, S. University of Pittsburgh Dzierba, A. Indiana University Eckhardt, R. Ruhr University-Bonn Eden, T. Norfolk State University Edwards. R/ Jefferson Lab Efremov, A. Joint Institute for Nuclear Research, Moscow Egiyan, H. Jefferson Lab Egiyan, K. Yerevan Physics Institute Elouadrhiri, L. Jefferson Lab Empl, A. Rensselaer Polytechnic Institute Ent, R. Jefferson Lab Epstein, M. California State University Ernst, D. Vanderbilt University Eugenio, P Florida State University Ewell, L. University of Maryland Eyraud, L. Institut des Sciences Nucleaires de Grenoble Fang, G. Harvard University Fantoni, S. University of Trieste Fedotov, G. Moscow State University Fedyakin, N. Institute for Higher Energy Physics, Moscow Fenker, H. Jefferson Lab Feuerback, R.

Jefferson Lab) Ficenec, J. Virginia Polytechnic Institute Filippone, B. California Institute of Technology Finn, M. College of William and Mary Fivozinsky, S. U.S. Department of Energy Forest, J. Louisiana Tech University Forest, T. Louisiana Tech University Fortune, T. University of Pennsylvania

Fowler, M. Jefferson Lab Fox, G. Indiana University Frankfurt, L. Tel Aviv University Franklin, G. Carnegie Mellon University Freund, A. Universität Regensburg Freyberger, A. Jefferson Lab Frois, B. C.E.A. Saclay Frolov, V. Rensselaer Polytechnic Institute Frullani, S. Istituto Nazionale di Fisica Nucleare, Roma Funsten, H. College of William and Mary Furget, C. Institut des Sciences Nucleaires de Grenoble Furic, M. University of Zagreb Gai, M. Yale University Gan, L. Hampton University Gao, H. Massachusetts Institute of Technology/Duke University Garçon, M. C.E.A. Saclay Garibaldi, F. Istituto Nazionale di Fisica Nucleare, Roma Garrow, K. TRIUMF Gaskell, D. Jefferson Lab Gasparian, A. North Carolina A & T/Jefferson lab Gayou, O. Massachusetts Institute of Technology Gavalian, G. University of New Hampshire Geesaman, D. Argonne National Laboratory Gilad, S. Massachusetts Institute of Technology Gilfoyle, G. University of Richmond Gilman, R. Rutgers University Giovanni, S. Istituto Nazionale di Fisica Nucleare Glamazdin, A. Kharkov State University Glashausser, C. Rutgers University Godfrey, S. Carleton University Goity, J. Hampton University/Jefferson Lab Golovach, E. Moscow State University Gomez, J. Jefferson Lab Gothe, R. University of South Carolina Gorokhov, A. Institute for Higher Energy Physics, Moscow Grach, I.L. Institute of Theoretical and Experimental Physics, Moscow Gribushin, A. Moscow State University Griffioen, K. College of William and Mary Gross, F. College of William and Mary/Jefferson Lab Gueye, P. Hampton University Guidal, M. I.P.N. Orsay Guichon, P. C.E.A. Saclay Gustafsson, K. University of Maryland Guzey, V. Universitat Bochum Gyulassy, M. Columbia University Gyurjyan, V. Jefferson Lab Hadjidakis, C. Institut de Physique Nucleaire, Orsay Hafidi, K. Argonne National Laboratory Hansen, O. Jefferson Lab Hansper, J. Ruhr University, Bochum Harvey, M. Hampton University Hashimoto, O. Tohoku University Heddle, D. Christopher Newport University Heinz, D. Indiana University Hersman, B. University of New Hampshire Heyes, G. Jefferson Lab Hicks, K. Ohio University Hicks, R. University of Massachusetts Higinbotham, D. W. Jefferson Lab

Hinton, W. Hampton University Holt, R. Argonne National Lab Holtrop, M. University of New Hampshire Hourany, E. IPN-ORSAY Hubbard, J. Christopher Newport University Huber, G. University of Regina Hungerford, E. University of Houston Huston, J. Michigan State University Hutton, A. Jefferson Lab Hyde-Wright C. Old Dominion University Iodice, M. Istituto Nazionale di Fisica Nucleare, Roma Ireland, D. University of Glasgow Isgur, N. Jefferson Lab Ishkhanov, B. Moscow State University Ito, M. Jefferson Lab Jackson, C. Hampton University Jackson, H. Argonne National Laboratory Jastrzembski, E. Jefferson Lab Jenning, B. TRIUMF Jeschonnek, S. Ohio State University Ji, C-R. North Carolina State University Ji, X. University of Maryland Jiang, X. Rutgers University Johnson, M. Los Alamos National Laboratory Jones, C. California Institute of Technology Jones, M. Jefferson Lab Jones, R. University of Connecticut Joo, K. University of Connecticut Jourdan, J. University of Basel Kaminski, R. Henryk Niewodniczanski Institute of Nuclear Physics Kashy, D. Jefferson Lab Katramatou, M. Kent State University Keister, B. National Science Foundation Keith, C. Jefferson Lab Kellie, J. University of Glasgow Keppel, C. Hampton University Khandaker, M. Norfolk State University Kharzeev, D. RIKEN BNL Kim, W. Kyungpook National University, South Korea Kinney, E. University of Colorado Kino, K. Tohoku University Klabucar, D. Zagreb University Klein, A. Old Dominion University Klein, F. Catholic University of America Klimenko, A. Institute for High Energy Physics, Protvino Kodolova, O. Moscow State University Koltenuk, D. University of Pennsylvania Kopeliovich, B. Max Planck Institut f ür Kernphysik Kornicer, M. University of Connecticut Korotkikh, V. Moscow State University Kossov, M. Institute of Theoretical and Experimental Physics, Moscow Kostin, M. Moscow State University Kotzinian, B. CERN Koubarovski, V. Rensselaer Polytechnic Institute Kovaltchouk, V. University of Regina Kovar, D. U.S. Department of Energy Kox, S. Institut des Sciences Nucleaires de Grenoble Kramer, L. Florida International University Kruglov, N. Moscow State University

Kuhlmann, S. Argonne National Laboratory Kuhn, J. Carnegie Mellon University Kuhn, S. Old Dominion University Kuleshov, S. Institute of Theoretical and Experimental Physics, Moscow Kumar, K. University of Massachusetts Kumbartzki, G. Rutgers University Kurilov, A. University of Connecticut Kuss, M. Jefferson Lab Laget, J. M. CEA Saclay Landshoff, P. University of Cambridge Lassila, K. Iowa State University Lassiter, S. Jefferson Lab Lawrence, D. University of Massachusetts Leader, E. Birkbeck College Lebed, R. Arizona State University Leemann, C. Jefferson Lab Leinweber, D. University of Adelaide Leone, T. Istituto Nazionale di Fisica Nucleare, Torino LeRose, J. Jefferson Lab Lesniak, L. Henryk Niewodniczanski Institute of Nuclear Physics Levelt, J. University of Erlangen-Nuernberg Lewis, R. University of Regina Liang, M. Jefferson Lab Lieb, J. George Mason University Ligterink, N. University of Pittsburgh Lim, K. Brown University Lindgren, R. University of Virginia Liuti, S. University of Virginia Livingston, K. University of Glasgow Liyanage, N. Jefferson Lab/University of Virginia Lolos, G. University of Regina Lolos, J. University of Pittsburgh Loman, E. Massachusetts Institute of Technology Londergan, T. Indiana University Lorenzon, W. University of Michigan Lourie, R. Renaissance Tech Lu, D. University of Adelaide Lhuillier, D. DAPNIA/SPhN, CEA Saclay Liu, J. University of Maryland Lung, A Jefferson Lab MacGregor, C. University of Glasgow MacGregor, D. University of Glasgow McCormick, K. Rutgers University McLerran, L. Brookhaven National Laboratory Mack, D. Jefferson Lab Macleod, R. Jefferson Lab Madey, R. Jefferson Lab Magahiz, R. Carnegie-Mellon University Majewski, S. Jefferson Lab Makins, N. University of Illinois Mammei, J. University of Texas-El Paso Manak, J. Jefferson Lab Marchand, C. CEA Saclay Margaryan, A. Yerevan Physics Institute Margaziotis, D. California State University Markov, N. Moscow State University Markowitz, P. Florida International University Martoff, C. Temple University McGeorge, C. University of Glasgow

McIntyre, J. College of William and Mary McKee, P. University of Virginia McNabb, J. Carnegie Mellon University Meadows, B. University of Cincinnati Mecking, B. Jefferson Lab Meekins, D. Jefferson Lab Melnitchouk, W. Jefferson Lab Mestayer, M. Jefferson Lab Meyer, C. Carnegie-Mellon University Meziani, Z. E. Temple University Michaels, R. Jefferson Lab Mihul, A. University of Bucharest Mikhailov, K. Institute of Theoretical and Experimental Physics, Moscow Milana, J. University of Maryland Milbrath, B. Eastern Kentucky University Miller, G. University of Washington Miller, M. University of Illinois Milner, R. Massachusetts Institute of Technology Minehart, R. University of Virginia Mirazita, M. Istituto Nazionale de Fisica Nucleare, Frascati Mischke, R. Los Alamos National Laboratory Miskimen, R. University of Massachusetts Mitchell, J. Jefferson Lab Mkrtchyan, H. Yerevan Physics Institute Mohring, R. University of Maryland Mokeev, V. Jefferson Lab Monaghan, P. Massachusetts Institute of Technology Morfin, J. Fermi National Accelerator Laboratory Morninstar, C. Carnegie Mellon University Mtingwa, S. North Carolina A&T State University Mucifora, V. Instituto Nazionale di Fisica Nucleare, Frascati Mueller, A. Columbia University Mueller, J. University of Pittsburgh Mukhopadhyay, N. Rensselaer Polytechnic Institute Mulders, P. NIKHEF Murgia, F. Istituto Nazionale di Fisica Nucleare, Cagliari Mustapha, B. Argonne National Laboraory Mutchler, G. Rice University Nanda, S. Jefferson Lab Napolitano, J. Rensselaer Polytechnic Institute Nappi, E. Istituto Nazionale di Fisica Nucleare, Bari Narodetskii, I. Institute of Theoretical and Experimental Physics, Moscow Nathan, A. University of Illinois at Urbana-Champaign Nefkens, B. University of California at Los Angeles Nelyubin, V. University of Virginia Nemchik, J. Institute of Experimental Physics SAV Niculescu, G. University of Virginia Niculescu, I. James Madison University Niczyporuk, B. Jefferson Lab Nikolaev, N. Forschungszentrum Julich Norum. B. University of Virginia O’Brien, J. The Catholic University of America Olness, F. Southern Methodist University Osipenko, M. Moscow State University Ostrovidov, A. Florida State University Owens, B. University of Glasgow Owens, J. Florida State University Pace, E. University of Rome Page, P. Los Alamos National Laboratory

Palounek, A. Los Alamos National Laboratory Pang, A. North Carolina State University Papandreou, Z. University of Regina Park, K. Kyungpook National University, South Korea Pasyuk, E. Arizona State University Peng, J.-C. University of Illinois at Urbana-Champaign Perdrisat, C. College of William and Mary Perrino, R. Istituto Nazionale di Fisica Nucleare, Lecce Petratos, G. Kent State University Piasetzky, E. Tel Aviv University Pichowsky, M. Indiana University Piekarewicz, J. Florida State University Piller, G. University of Munich Pitt, M. Virginia Tech Pivnyuk, N. Institute of Theoretical and Experimental Physics, Moscow Pogorelko, O. Institute of Theoretical and Experimental Physics, Moscow Polezhaeva, I. Institute for High Energy Physics, Protvino Polyakov, M. Universitat Bochum Popov, S. Budker Institute of Nuclear Physics Potterveld, D. Argonne National Laboratory Pozdnyakov, S. Institute of Theoretical and Experimental Physics, Moscow Preedom, B. University of South Carolina Price, J.E. Louisiana Technical Institute Price, J.W. University of California at Los Angeles Prout, D. Kent State University Puga, A. University of Texas at El Paso Pumplin, J. Michigan State University Punjabi, V. Norfolk State University Qiu, J. Iowa State University Quinn, B. Carnegie-Mellon University Radysushkin, A. Old Dominion University/Jefferson Lab Ramsey-Musolf, M. Caltech/Univ. of Connecticut Rangacharyulu, C. University of Saskatchewan Ransome, R. Rutgers University Raue, B Florida International University Real, J. Institute des Sciences Nucleaires de Grenoble Reece, C. Jefferson Lab Reimer, P. E. Argonne National Lab Reinhold, J. Florida International University Reitz, B. Jefferson Lab Retiere, F. Subatech Nantes Fr. Ribeiro, E. CENE, Portugal Riccardi, G. Florida State University Ricco, G. Istituto Nazionale di Fisica Nucleare, Genova Richards, D. Jefferson Lab Ripani, M. Istituto Nazionale di Fisica Nucleare, Genova Ritchie, B. Arizona State University Roberts, W. Old Dominion University/Jefferson Lab Roblin, Y. Clermont-Ferrand University Roche, J. Jefferson Lab Roedelbronn, M. University of Illinois at Urbana-Champaign Ronchetti, F. Istituto Nazionale de Fisica Nucleare, Frascati Rondon, O. University of Virginia Roos, P. University of Maryland Rosner, G. University of Glasgow Rossi, P. Istituto Nazionale de Fisica Nucleare, Frascati Rubin, P. University of Richmond Rutt, P. University of Georgia Sabati e, F. Old Dominion University

Saha, A. Jefferson Lab Saito, K. Tohoku College Saito, T. Tohoku University Salgado, C. Norfolk State University Salme, G. Istituto Nazionale di Fisica Nucleare Samoilenko, V. Institute for Higher Energy Physics, Moscow Sapunenko, V. Jefferson Lab Sargsian, M. Florida International University Sarty, A. St. Mary’s University Sarycheva, L. Moscow State University Savkli, C. University of Pittsburgh Sawafta, R. North Carolina A&T State University Schaefer, A. Regensburg University Schiavilla, R. Old Dominion University/Jefferson Lab Schoch, B. University of Bonn Schukin, A. Institute for Higher Energy Physics, Protvino Schumacher, R. Carnegie Mellon University Scopetta, S. Perugia University Skopik, D. Jefferson Lab Scott, E. Indiana University Seely, M. Jefferson Lab Segal, J. Jefferson Lab Segel, R. Northwestern University Seth, K. Northwestern University Sharabian, Y. Jefferson Lab Sher, M. College of William and Mary Shin, B. Kyungpook National University, South Korea Shvedunov, N. Moscow State University Silvano, S. Instituto Nazionale di Fisica Nucleare, Rome Simula, S. Istituto Nazionale di Fisica Nucleare, Rome Sinclair, C. Jefferson Lab Širca, S. University of Ljubljana Skrinsky, A. Budker Institute for Nuclear Physics Slifer, K. Temple University Smirnov, N. Yale University Smith, C. University of Virginia Smith, E. Jefferson Lab Smith, G. Jefferson Lab Smith, P. Indiana University Smith, Y. Jefferson Lab Snellings, R. Lawrence Berkeley Laboratory Sober, D. Catholic University of America Soldatov, M. Institute for High Energy Physics, Protvino Solodov, E. Budker Institute of Nuclear Physics Solvignon, P. Temple University Souder, P. Syracuse University Stavinsky, A. Institute of Theoretical and Experimental Physics, Moscow Steffen, C. Indiana University Stepanyan, S. Jefferson Lab Stoler, P. Rensselaer Polytechnic Institute Strakovsky, I. George Washington University Strauch, S. George Washington University Strikman, M. Pennsylvania State University Sulanke, T. Indiana University Suleiman, R. Massachusetts Institute of Technology Sulkosky, V. College of William and Mary Swanson, E. University of Pittsburgh Swat, M. Indiana University Szczepaniak, A. Indiana University

Tadevosyan, V. Yerevan Physics Institute Taiuti, M. Istituto Nazionale di Fisica Nucleare Genova Takagi, F. Tohoku University Tan, C. Tang, L. Hampton University Taylor, M. Jefferson Lab Tedeschi, D. University of South Carolina Teige, S. Indiana University Templon, J. University of Georgia Teodorescu, L. University of Bucharest Terasawa, T. Tohoku University Teryaev, O. Joint Institute for Nuclear Research, Moscow Thomas, A. University of Adelaide Timmer, C. Jefferson Lab Tippens, B. U.S. Department of Energy Tipton, B. California Institute of Technology Todor, L. Carnegie Mellon University Trentalange, S. University of California at Los Angeles Tsubota, H. Tohoku University Tung, W.K. Michigan State University Ulmer, P. Old Dominion University Ungaro, M. Istituto Nazionale de Fisica Nucleare, Genova Urciuoli, G. Istituto Nazionale di Fisica Nucleare, Rome Urner, D. Cornell University Uzzle, A. Hampton University Va’vra, J. Stanford Linear Accelerator Center van den Brand, J. Vrije Universiteit Van Orden, W. Jefferson Lab Vanderhaeghen, M. University Mainz Vineyard, M. University of Richmond Vlahovic, B. North Carolina Central University Vlassov, A. Institute of Theoretical and Experimental Physics, Moscow Volmer J. Vrije Universiteit Voutier, E. Institut des Sciences Nucleaires de Grenoble Vulcan, W. Jefferson Lab Walcher, T. University of Mainz Wang, K. University of Virginia Warren, G. Jefferson Lab Watson, C. Jefferson Lab Watts, D. University of Glasgow Weilhammer, P. CERN Weiman, H. Lawrence Berkeley Laboratory Weinstein, J. University of Mississippi Weinstein, L. Old Dominion University Weise, W. University of Munich Weisenberger, D. Jefferson Lab Welch, P. Oregon State University Welsh, R. Jefferson Lab Weygand, D. Jefferson Lab Whitmore, J. Pennsylvania State University Whitney, R. Jefferson Lab Wieman, H Lawrence Berkeley Laboratory Wijesooriya, K. Duke University Williams, A. University of Adelaide Williams, R. Jefferson Lab Wilson, J. Jefferson Lab Winn, D. Fairfield University Wise, J. Jefferson Lab Wojtsekhowski, B. Jefferson Lab Wolfe, C. Indiana University

Wolin, E. Jefferson Lab Wood, S. Jefferson Lab Workman, R. George Washington University Wright, S. University of Adelaide Xiang, H. Massachusetts Institute of Technology Yan, C. Jefferson Lab Yang, J. Chungnam University Yarulin, R. Kyungpook National University, South Korea Yegneswaran, A. Jefferson Lab Yershov, A. Moscow State University Zakharov, B. Institute of Experimental Physics Zeidman, B. Argonne National Laboratory Zheng, X. Argonne National Laboratory Zhang, J. Rensselaer Polytechnic Institute Zhu, L. Y. Massachusetts Institute of Technology Zorn, C. Jefferson Lab