arXiv:hep-ex/0106010 2 Jun 2001

PSN T04QCD Confinement and the Hall D Project at Jefferson LabAn of the mechanism QCD a mapping of the mesons. the role of gluons it is in mesons that the gluonic of manifest. High statistics such states

p

p beams in some signals. is to beams photons to mesons with

JPC

numbers not possible within the of mesons as

q

states. exist on the of light At Lab in News, VA plans to the of the to 12 GeV. Along with this a in hall (Hall D) will be to on mesons with [1,2]. With 12 a 9 photon will be using 1ÊQCD AND EXOTIC HYBRID MESONSIn the 1970Õs Nambu that mesons by ÔstringsÕ in explain the of meson mass with momentum. know now that lattice theory show that a -flux tube forms as shown in Fig 1. So was essentially This flux tube to to a potential linearly with the them. Infinite is to the to infinity.

rFigure 1: In QCD a confining flux tube forms between distant static charges. The Hall D program is designed to verify this fundamental new feature of

q

Figure 1: A flux tube forms between two static quarks.The test of this of the flux tube in a meson byfermis examining the flux tube that forms them. plucking the string one two first states. the two vibrational of this system;

p / r

their excitation since both the mass tension of this "relativistic string" from energy stored in its color The shown in Fig. 2. Such a direct examination of the tube is of course not possible. In life be content with systems in which the Fortunately, we know both from principles from lattice QCD that an approximation to of the full system which ignores the of these two forms of motion on each other works well - at least down to the charm quark mass.p/rFigure 2: ModelÐindependent spectrum of the glue (flux tube) of Figure 1. ground statetransverse phonon modesFigure 2: The spectrum of the flux tube of Fig. 1.To extend the flux tube to yet lighter but the most important of this system are by the above. In in a 2

GeV c/ 2

to the of

p /r

), a form of matter exist in which the gluonic degree of of mesons

is to these mesons as gluonicexcitations. The smoking gun of states is that the vibrational numbers the string, to those of the a total momentum J, a total parity a total conjugation C not

q

states. unusual

JPC

like

0+-

,

1- +

, and

2+-

, exotic, the mesons. It is to note that in the light mesonsform nonets just as

q

mesons(flux tube in the in Within the nonets to mesons as well as mesons. The of the is thatexotic numbers possible. The may mix with

q

makingEstablishing the will on starting with nonets whose Photon beams to be the of exotic hybrids. is that the photon sometimes as avirtual meson

q

state with the parallel, up to total spin S 1). the flux tube in this

S=1

system is to its levels both exotic

possible. contrast, the spins (S 0), as pion or kaon probes, the exotic combinations To almost all meson with kaon or proton or in

p

annihilations. Highvirtually no on of mesons with masses below 3

GeVc/ 2

. Thus, up to now, to exotic one might expect to find them.some tantalizing hints that gluonicexcitations experimentally. exotic states, with

JPC = - +1

, by the E852 at in experiments. The state has a mass of 1.4

into

hp -

[3]. The of the this conclusion is not without controversy. The state is on has amass of 1.6

GeVc/ 2r p0 -

[4]. In the exotic signal is of the signals in the two example in the

channel, the dominant signal is

a21320( )

and in the

r p0 -

the

a11260( )

,

p 2 1670 ( )

. of the exotic signal is not at all by asimple examination of the or

r p0 -

massspectrum. A partial analysis must analysis involves a of the mass into partial waves. of a on both line the as afunction of mass. Application of the PWA to identify small signals puts stringent onthe Exclusive events must be resolution capability. With photons, maximum information comes from using linearly Fig. 3 shows a layout of a Aphoton impinges on a 30-cm that is within a magnet. The is byof scintillator strips within an outer of tube All that is by a Within the the is an gas by a time-of-flight wall then an glass that forms an The magnet is ahigh-flux photon beam. The in the is within the pipe by the axial of the magnet. The exists will be to Lab.The glass was E852 is now

The photon will be using the At settings orientation of the crystal, the atoms of the be to from the to an emission at linearly photons. plot of Fig. 4 shows the flux (in units) of photons as a function photon energy an of 12 GeV. is a 20 The top shows the that is acombination of with

1/ E gEg

is the giving rise to of flux at The of as one the the crystal planes with respect to the is a of the of photon with This using collimation to the The plot shows the resulting collimation a orientation to aat 9 GeV. The of in the is 40 In photons in a 0.5 will using a The resolution of the photon tagger is 0.1 percent.

photon energy (GeV)incoherent + coherentspectrum

aftercollimation tagged region40 % polarization

12 GeVelectrons fluxFigure 4: The flux of photons from a with 12 collimation. The of in The optimal photon is set by The is on the meson mass from

GeVc/ 2

up to about 2.7

, the region light to exist. photon of 9 to

mass range. Photons of this will state whose momenta with with the In the momenta low enough so is no magnet that The of photons in the as the of the the Starting with whose is 12 GeV, optimal photon energy for this study is 9 GeV.The of the beams at the at Lab possible the beams to out the in this project. The spot size collimation. high (essentially unity) implies high The of the the flux of the photon level of sensitivity mapping the A was out in which exotic signal, a

JPC = - +1

state with mass 1.6

GeVc/ 2

into

rp

, was along a mix of states also

rp

. states masses of 1.2, 1.7

. In this the exotic was generated at the level of 2.5% of the total sample Ðto the mix in the experiment. The momenta of the resultingfrom the of this mix the resolution of the was also The plot of Fig. 5 shows the input exotic smooth curve) with a mass of 1.6

of 0.170 . 50040030020010001.81.61.41.2Mass (3p) (GeV)events/20 MeV

generated

PWA fitFigure 5: Results of a Monte Carlo the of the the exotics The smooth to the input signal the points to the results a PWA fit. Details given in the text.The results of the PWA fit in finite bins in mass shown as points with error bars. The resulting fit to aform a mass

1598003. .±

a of

0173011. .±GeVc/ 2

. The error bars shown in the plot to statistics of running. establishment of the will involve aPWA for a of of which

rp

is one of the more PWA will also be as a function of momentum from photon to outgoing meson The CEBAF at employs technology its makes possible simple of its to 12 GeV. Fig. 6 shows the layout of CEBAF the of

Each of the two sections has an empty that SRF of these has 7 cells fits in the same modules. A trivial of magnets in the allow for one more pass through an The design of the Hall D is being by the Hall D that consists about 90 physicists from 25 institutions. The of the Current plans call aD in 2004 with first physics in 2007. Data on the essential an confinement in QCD. The Hall D project makes use technology The author insights his fellow Hall DCurtis A. C. A. E. S. American Scientist, : 406, 2000.Isgur, CERN 40 23, 2000.[3] D. R. Thompson et al , Phys Rev Lett., 79: 1630(1997). A. et (Crystal C o l l a b o r a t i o n ) . Phys. Lett., 4 2 3 B : 175 (1998).G. S. et , Phys. Rev. , : 5760The Hall D Design Report, be at

Lab White Paper: The Science the 12 GeV Upgrade of CEBAF, February 2001.