arXiv:hep-ph/0006330 28 Jun 2000

KN interaction in the quark-gluon exchange framework

Dimiter Hadjimichef Instituto de Física e Matemática, UFPel, Caixa Postal 354 96010-900, Pelotas, R.S.,Brazil. E-mail: dimiter@ufpel.tche.br

Abstract The general meson-baryon potential obtained in the context of the Fock-Tani formalism is applied in the K^+N system. A simple spindependent interaction on quark level is used in order to compare with known results. The short range nature of the equivalent local potential is shown.

1 Introduction

One of the most extensively studied interactions is the NN interaction. In the context of the Bonn potential the short range repulsion arises from an ω-meson exchange with a larger coupling constant than obtained from SU(6) symmetry estimates^1. In the KN-Bonn potential the K^+N repulsion also arises from an ω exchange. If one keeps the SU(6) coupling, a very short ranged phenomenological meson must be added. When one switches to the K^−N system, the ω becomes attractive. In order to fit all the partial-waves, the ω coupling constant must be assigned the SU(6) value and the additional repulsive contribution reduced by a factor of five^2. It whould interesting to investigate if this can be explained in the context of meson exchange or whether it is an effect of the quark-gluon dynamics. In the constituent quark model the K^+ = u s̄ and N = uud or udd so the simple quark exchange mechanism can be applied to the K^+N system^3. A simple spin-spin interaction on quark level is used in order to compare with a similar calculation^4.

2 The Kaon-Nucleon Potential

The method we employ in order to introduce the quark-gluon degrees of freedom is known as the Fock-Tani formalism^5. The meson-baryon potential has been obtained in a standard way^6:

Vmeson−baryon = 4∑ i=1 Vi(αβ; δγ) m^†_α b^†_β mγ bδ (1) and V1(αβ; δγ) = −3Vqq (μν; σρ) Φ^{∗μν2}_α Ψ^{∗νμ2μ3}_β Φ^{ρν2}_γ Ψ^{σμ2μ3}_δ V 2(αβ; δγ) = −3V_{qq} (μν; σρ) Φ^{∗μ1ν}_α Ψ^{∗μμ2μ3}_β Φ^{σρ}_γ Ψ^{μ1μ2μ3}_δ V 3(αβ; δγ) = −3Vqq (μν; σρ) Φ^{∗μν2}_α Ψ^{∗μ1νμ3}_β Φ^{μ1ν2}_γ Ψ^{σρμ3}_δ V 4(αβ; δγ) = −6V_{qq} (μν; σρ) Φ^{∗ν1ν}_α Ψ^{∗μ1μμ3}_β Φ^{μ1ρ}_γ Ψ^{ν1σμ3}_δ . (2)

The general potential (1) can specialized to study the KN system. The microscopic quark-quark potential and quark-antiquark can be written as^4 V_{qq or qq} = ∑ a,i<j ( − 8παs 3mi mj ) [ ⃗S_i · ⃗S_j] [F^a_i · F^a_j ] , where Si, Fi are the spin and color matrixes of the quarks. The meson and baryon wave functions are written as a product of the quark colorspin-isospin-space wave functions^5 Φ^{μν}_α = δ(⃗pα − ⃗pμ − ⃗pν ) δ^{cμ cν} √ 3 χ^{fμ fν}_α √ 2 φ(⃗pμ, ⃗pν ) Ψ^{μ1μ2μ3} α = δ(⃗pα − ⃗p1 − ⃗p2⃗p3) N(pα) ε^{c1c2c3} √ 6 χ^{f1f2 f3} α√ 18 ϕ(⃗p1)ϕ(⃗p2)ϕ(⃗p3). The spatial part of the meson wave function is chosen to be a gaussian φ(⃗pq, ⃗pq̄ ) = ( πβ^2 )_− 3_4 exp [ − (m1⃗pq − m2⃗pq̄)^2 8 β^2 ]

with m1 =^{2 mq̄}_{mq +mq̄} and m2 =^{2 mq}_{mq +mq̄} . The spatial part of the baryon wave function is also written in terms of a gaussian ϕ( ⃗p ) = ( b^2 π ) 3_4 exp [ − 1 2 b^2p^2 ] , N( ⃗p ) = (3π b^2

) 3_4 exp [1 6 b^2p^2 ] . In the CM coordinate system ⃗pα = −⃗pβ = ⃗p , ⃗pγ = −⃗pδ = ⃗p^′ and using the notation of^4: m1 =^2_{1+ρ} , m2 =^{2 ρ}_{1+ρ} , b = 1/α , β = α/√g , where ρ = mq/mq̄ , one finds for the kernel of the potential (1), apart from an overall energy conservation δ, the spatial part is given by V1(⃗p, ⃗p^′) = 3 kssη1 exp [ − A ( ⃗p − ⃗p^′ )_2] V2(⃗p, ⃗p^′) = 3 kssη2 exp [ − B1 p^2 − B2 p^{′ 2} + B3 ⃗p · ⃗p^′ ] V3(⃗p, ⃗p^′) = 3 kssη3 exp [ − C1 p^2 − C2 p^{′ 2} + C3 ⃗p · ⃗p^′ ] V4(⃗p, ⃗p^′) = 6 kssη4 exp [ − D1 ( p^2 + p^{′ 2} ) + D2 ⃗p · ⃗p^′ ] (3) with

η1 = 1 ; η2 = ρ ( 6 g + 3 )_{3/2} ; η3 = ( 12g 7g + 6 )_{3/2}

η4 = ρ ( 12g (2g + 3)(g + 2) )_{3/2} ; kss = 8παs 3m^2q(2π)^3 and A = 2(1 + ρ)^2 + 3g 12α^2(1 + ρ)^2

B1 =

(5g + 3)ρ^2 + (−2g + 6)ρ + (2g + 3)

6α^2(g + 3)(1 + ρ)^2

B2 =

(5g + 3)ρ^2 + (10g + 6)ρ + (5g + 3)

6α^2(g + 3)(1 + ρ)^2

B3 =

(−g + 1)ρ^2 + 2ρ + (g + 1)

α^2(g + 3)(1 + ρ)^2

C1 =

(16g + 3)ρ^2 + ( 2g + 6)ρ + (21g^2 + 22g + 3)

12α^2(7g + 6)(1 + ρ)^2

C2 =

(64g + 3)ρ^2 + ( 62g + 6)ρ + (21g^2 + 34g + 3) 12α^2(7g + 6)(1 + ρ)^2

C3 =

(−8g + 1)ρ^2 + 2ρ + (7g^2 + 8g + 1)

2α^2(7g + 6)(1 + ρ)^2

D1 =

(20g^2 + 40g + 3)ρ^2 + (4g^2 + 14g + 6)ρ + (5g^2 + 10g + 3) 12α^2(2g + 3)(g + 2)(1 + ρ)^2

D2 =

(−4g^2 − 8g + 1)ρ^2 + (−4g^2 − 6g + 2)ρ + ( g^2 + 2g + 1) 2α^2(2g + 3)(g + 2)(1 + ρ)^2 . In order to obtain a potential in the configuration space one first introduces the new variables ⃗P =^1_2 (⃗p+⃗p^′) and ⃗Q = (⃗p−⃗p^′) in (3) and uses the local approximation which consists in ⃗P = 0. The configuration space V (r) is a simple Fourier transform of (3) times the color-spin-isospin factor ωi

V (r) = 4∑ i=1 ∫ dQ e^{i ⃗Q· ⃗r}ωi Vi(Q) = kss 4∑ i=1 Vi(r)

where

V1(r) = ( π A )_{3/2} ω1 η1 exp ( − r^2 4A )

V2(r) = ( 4π B1 + B2 + B3 )_{3/2} ω2 η2 exp ( − r^2 B1 + B2 + B3 )

V3(r) = ( 4π C1 + C2 + C3 )_{3/2} ω3 η3 exp ( − r^2 C1 + C2 + C3 )

V4(r) = ( 4π 2D1 + D2 )_{3/2} ω4 η4 exp ( − r^2 2D1 + D2 ) . The color-spin-isospin factors ωi are for I = 0, [0,^1_6 , 0,^1_6 ] and I = 1, [^1_3 ,^1_{18} ,^1_3 ,^1_{18} ]. A graph for this potential can is seen in figure 1 for the following set of parameters^4: αs = 0.6, mq = 330 MeV, ρ = 0.6, α = 400 MeV and β = 350 MeV.

3 Conclusions

The potentials are repulsive and short ranged, as one would expect for the nuclear hard core. However, in order to judge the adequacy of the quark-gluon exchange hypothesis, one has to see whether the model provides, for example, the correct spin-orbit interaction in the P-waves. This requires a more elaborated calculation, in the context of a meson exchange model with the short distance interaction described by the Fock-Tani KN potential.

Acknowledgements

The author was partially supported by FAPERGS, IFM-UFPel.

References

1. R. Machleidt, K. Holinde, Ch. Elster, Phys. Rep. Vol 149, 1 (1987).

2. R. Büttgen, K. Holinde, D. Lohse, A. Müller-Groeling, J. Speth, P. Wyborny, Z. Phys. C46 - Particles and Fields, S167 (1990).

3. J. Bender, H. G. Dosch, H. J. Pirner and H. G. Kruse, Nucl. Phys.

A414, 359 (1984); D. Mukhopadyay and H. J. Pirner, Nucl. Phys. A442, 605 (1985); R. K. Campbell and D. Robson, Phys. Rev. D36, 2682 (1987).

4. T. Barnes, E. S. Swanson, Phys. Rev. C49,1166 (1994). 5. D. Hadjimichef, G. Krein, S. Szpigel, J. S. da Veiga, Phys. Lett.

B367, 317 (1996); M. D. Girardeau, G. Krein, D.Hadjimichef, Mod. Phys. Lett. A11, 1121 (1996); D. Hadjimichef, G. Krein, S. Szpigel, J. S. da Veiga, Ann. of Phys. 268, number 1, 105 (1998).

6. D. Hadjimichef, preprint nucl-th/9912022.