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Abstract

We discuss the research fields to be studied by the Japan Hadron Facility being

planned in the site of JAERI as a joint project with Neutron Science Project. We

would expect to reveal the most microscopic structure of matter using the intensity

frontier proton machine. In particular, we would like to develope Quark Nuclear

Physics to describe hadrons and nuclei in terms of quarks and gluons.

1 Introduction

The accelerator parameters of the JHF machine complex are Ep < 50GeV and the

intensity of Ip < 15(iA. This high intensity frontier machine could produce as the

secondary beams; pion, kaon, muon, neutrino and even heavy ions in addition to the

primary proton. Hence, the possibilities of interesting physics program are great and in

such a case a good idea is most welcome.

In fact, there are many programs being discussed with JHF. They are neutrino mix-

ing, kaon rare decay, color transparency, hypernuclei, lepton flavor mixing, kaonic atom,

meson spectroscopy, baryon spectroscopy, heavy ion collision and so on. These subjects

could be discussed in terms of the hadron- meson degrees of freedom. At the same time,

it is possible to discuss in terms of the quark-gluon degrees of freedom.

Hence, the JHF project would reveal the structure of the microscopic matter in terms

of the most fundamental particles with the intensity frontier machine.

We would like to discuss what are the frontier projects to be performed with the JHF

accelerator complex. Particularly, we would like to emphasize the interesting research

field to be performed with the JHF machine as Quark Nuclear Physics.
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2 Quark Nuclear Physics

Quark Nuclear Physics (QNP) is the research field of describing hadrons and nuclei in

terms of quarks and gluons. Here, confinement and chiral symmetry breaking are the

most essential phenomena for QNP. QCD is supposed to provide the dynamics of quarks

and gluons. In fact, QCD is able to describe the above essential phenomena using the

lattice QCD. On the other hand, the perturbative description of QCD provides the high

momentum phenomena.

Although this is the case, we would like to develope the basic picture of QNP. We

should understand why various interesting phenomena happen. This is very important

for the motivation of development of various kinds of physics related with quarks and

gluons. For nuclear physics, it was the shell model, which changed the situation of

physics associated with nucleus completely. Suppose we want to describe a nucleus with

about 100 nucleons. Such a system was impossilbe to solve. However, once physicists

noticed the magic number and the important degrees of freedom for the description of

the excitation spectra as those nucleons in the valence orbits, they were able to describe

nuclear excitations, which are caused by about 100 particles. The shell model played a

key role for the developement of nuclear physics.

What is the basic picture (model) then for QNP? There are various candidates; Dual

Ginzburg-Landau (DGL) theory, Instanton model, QCD sum rule, \jqA model and so

on. All these models have some truth in describing the low energy observables. Here we

shall focus on the DGL theory, which has been studied in various directions. The DGL

theory is demonstrated to describe both confinement and chiral symmetry breaking and

at the same time has a strong connection to QCD.

3 Dual Ginzburg-Landau Theory

The DGL theory is based on the assumption that our vacuum is in the superconductor

like state; dual superconductor. In the superconductor, the magnetic field H is disliked

by the superconducting matter due to the Meissner effect. Hence, if the magnetic field is

stronger than the critical amount, and the superconductor is the second-kind, then the

magnetic field does not spread over the matter, but rather is confined in a vortex like
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Figure 1: The schemtic view of quark confinement.

configuration as shown in Fig.l. We assume that our vacuum does not like the (color)

electric field. Hence, when a quark and an anti-quark are placed in the dual super-

conductor, the color electric field produced by the quark cannot spread over the space

but rather flows into the anti-quark in the vortex like configuration without disturbing

much the dual superconductor. This property causes confinement of quarks, since quarks

cannot exist alone but need a partner.

This dual superconductor picture is very attractive. However, there should be two

important ingredients in this picture. One is the abelian dominance and the other is

the color monopole. On the other hand, the fundamental theory of strong interaction,

QCD, is a non-abelian gauge theory. QCD has non-abelian gluons and does not have

color monopoles.

A miracle happens in QCD by the choice of a special gauge, 't Hooft is the one who

introduced the abelian gauge by fixing the gauge of the non-abelian gluons and showed

that in this case there appear color monopoles[l]. The lattice QCD demonstrates the

appearance of monopoles and the signature of their condensation as the appearance of

long and complicated monopole trajectries in the abelian gauge. The abelian dominance

needs the study of the correlations of charged gluons and those of the non-charged gluons

(abelian gluons) in the abeilan gauge. The recent lattice QCD calculations showed that

the correlation length is very short for the charged gluons, while it is large for the abelian

gluons in the maximally abelian (MA) gauge[2]. These facts indicate that the picture of

quark confinement in terms of the dual-superconductor could have support from QCD.

This consideration then provides the effective lagrangian, where the color monopole

couples with dual gluon fields and the quarks interact with abelian gluons. The Higgs
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term provides condensation of color monopoles. The resulting lagrangain has a similar-

ity to the Ginzburg-Landau theory and hence the name dual Ginzburg-Landau theory

(DGL) is used for this model[3, 4].

The DGL theory provides clear predictions as

1. There should appear color monopole glueball around 1.5GeV. This is a Higgs particle

of strong interaction.

2. The string tention for gluons is 3 times more than that for quark-antiquark string

tention due to the abelian property of the long range physics.

3. We get the probabilities of hadronization with respect to the quark masses.

4. Various others.

4 Photon-nucleon collision

I first discuss the case of real photon in order to learn the nature at intermediate and

high energies. What happens when a GeV photon collides with a nucleon? My favorite

figures show the total cross sections for vastly different systems being plotted as functions

of the squar root s; y/s. All the cross sections could be described with just two energy

dependent terms;

a = As0'08 + Bs~0A5 (1)

It is amazing to see that the photon-proton cross section also follows the same s de-

pendence. This fact convinces the importance of the virtual vector mesons in photon

beam.

These two s dependence is described in terms of two Regge trajectories, one is made

of vector mesons constituted with quarks and the other made of glueballs of gluons.

The slope of the vector mesons is well known from the meson spectra. This information

provides the string tention between quark and anti-quark. On the other hand, we do

not know the glueball states at all. Hence, the determination of the glueball states is

important to get the regge slope and hence the string tention between gluons.

GeV photons may provide this information by studying carefully the s dependence

and the t dependence. In particular, if we observe (f> meson, which consists mainly of

s quarks, we can emphasize the gluon exchange process due to the OZI suppression
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Figure 2: The simplest diagram of the glueball coupling to quark.

of the mesons made of quarks. The precise measurement of the t dependence should

provide the slope of the glueball trajectory. It would be nice then to extract the string

tention from this information. In addition, we can predict the position of the 2+ glueball

state. In addition, the energy dependence of the phi production around 2GeV may have

contributions of the 0+ glueball[5].

There is an interesting candidate for the 0+ glueball at 1500MeV identified as

/o(1500). The glueball filter being discussed in PLB is a possible argument for this

state to be a glueball. However, the decay of /o(1500) is not flavor blind and the iden-

tification of this state to a glueball is in quesion. Recently, Koma et al. calculate the

decay vertex of the glueball, the Higgs particle of the strong interaction to lead to quark

confinement, and find that the glueball-quark coupling is not flavor blind. This is be-

cause the glueball of the DGL theory couples first to the dual gluon field and then couple

to the gluon, which couple to quark. The simplest diagram of the glueball coupling to

quark is shown in Fig.2. The results will be published soon[6].

It would be very important to search for glueballs with the intensity frontier machine.

The use of various flavor beams should be used with screening purpose for the important

glueball search with the JHF beams.

5 Baryon Spectra

Let us look now at the baryon spectrum. The baryon spectrum, which includes all

the known SU(3) baryons, seems to show no regularity in the spectrum. The ground

state baryons have been studied by Gell-Mann and Okubo. The Gell-Mann-Okubo mass

formula provided the existence of the SU(3) quarks, which leads to the quark model.
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It would be then very interesting to measure the excited states with respect to these

ground states. This is done in Fig.3. Those states without the corresponding ground

state baryons are shifted downward by 200MeV to consider the spin effect, which is seen

as the mass difference between £(1189) and £(1385). Surprisingly the spectra show very

good systematics as seen in Fig.3.
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Figure 3: SU(3) flavor baryon spectra for even parity states (upper) and

odd parity states (lower). The dashed lines with the angular momentum

L are the predictions of the DOQ model[7].

These simple spectra indicate rather a simple dynamics is acting for the excitation

of quarks. In fact, when we take a deformed oscillator quark model, we find the ground

state is sphenical and the first and the second excited state are deformed. Once a state is

deformed, there should appear a rotational band on top of the intrinsic deformed state.

This was demonstrated by Hosaka et al.[7] and the results are indicated by dashed lines
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in Fig.3.

If the baryon spectra are determined by the quark confinement dynamics, we need

further experimental data. There are many states being missed in the systematics in

Fig.4. On top, it is important to study the decay properties of these states to identify

if they belong to some band or to another band. The electro-magnetic transitions are

important in this respect.

6 Hadronization and Spin Polarization

When the struck quark with another quark try to leave out from the nucleon, a color

vortex is formed between the struck quark and the remaining diquark. The pair creation,

which could be qq or q2q2, may lead to hadronization. When a antiquark or diquark try

to form a hadron with the leading quark, these quarks are subject to be pulled from each

other. This confining force could be the source of spin-polarization. At the same time,

it is very important to learn how this hadronization takes place by slowly varying the

proton energy at JHF.

This mechanism has been discussed phenomenologically by DeGrand and Miettinen

[8] and formulated by using the scalar confining force by Yamamoto et al. [9] for the

case of high energy hadron-hadron collisions. They have shown clearly the appearance

of the spin polarization in accordance with the experimental spin observables.

The same mechnism is supposed to be responsible for spin polarization in the electron

induced reaction. In fact, Suzuki et al. demonstrate some polarization to occur in the

gamma induced production of A and £[10].

7 Conclusion

The JHF is the exciting accelerator complex to perform important experiments to extract

fundamental informations of the subatomic world.

We can learn

1. Hadronization, which is very important by itself and as applications for Big-bang and

RHIC physics.

2. Baryon, Meson spectroscopy
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3. Glueball spectroscopy

4. Hadron polarization phenomena

We would like to mention at this place that QNP is a very special research field. Gen-

erally, experiments and/or observations provide motivations to develope theories/models

to describe the phenomena. Theories then predict new experiments, which check the va-

lidity of the theories. In this way we can find the true picture of the phenomena. In

QNP in addition to this excersize, we have QCD which tells which theory is correct.

Hence, QNP provides an unique oppotunity for us to understand the microscopic world

from the most fundamental theory from first principle.

We would like to mention at this place then how we construct nuclei in QNP. The

quark and gluon degrees of freedom are used explicitely to describe hadrons; masses, sizes

and their interactions. We use these informations as inputs to meson-baryon many body

lagrangains as the chiral unitary model due to the strong residual interactions caused by

the Goldstone bosons as pions and kaons. The meson-baryon dynamics should provide

the baryon-baryon interactions, which are then used for the inputs of the nuclear many

body scheme as the Brueckner-Hartree-Fock theory. Using nucleons as the fundamental

degrees of freedom, we would like to describe nuclei and hypernculei and even stars and

supernova.

H.T. wants to express his sincere thanks to the organizers of this conference at JAERI

and at KEK. This meeting was truly an exciting meeting to reveal the important and

exciting physics to be performed at JHF.

References

[1] G. 't Hooft, Nucl. Phys. B190 (1981) 455.

[2] K. Amemiya and H. Suganuma, Proc. Int. Symp. on Innovative Computational

Methods in Nuclear Many-Body Problems (INNOCOM 97), World Scientific (1998)

284.

[3] H. Suganuma, S. Sasaki and H. Toki, Nucl. Phys. B435 (1995) 207.

[4] S. Sasaki, H. Suganuma and H. Toki, Prog. Theor. Phys. 94 (1995) 373.

- 68 -



JAERI-Conf 99-015

[5] T. Nakano and H. Toki, Proc. Int. Work, on Exciting Physics with New Accelerator

Facilities (EXPAF), World Scientific (1998) 48.

[6] Y. Koma, H. Suganuma and H. Toki, to be published.

[7] A. Hosaka, M. Takayama and H. Toki, Mod. Phys. Lett. A13(1998) 1699.

[8] T.A. DeGrand and H.I. Miettinen, Phys. Rev. D 2 3 (1981) 1227.

[9] Y. Yamamoto, K.-I. Kubo and H. Toki, Prog. Theor. Phys. 98 (1997) 95.

[10] K. Suzuki, N. Nakajima, H. Toki and K.-I. Kubo, to be published.

- 6 9 -


