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Abstract 

The newly available experimental data (LEAP 92) on K [( production is compared with a 

model calculation. We believe the simplicity of the model makes it a useful tool for studying 

charm and beauty baryon production, for which also experimental data will soon be profuse. 
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1 Introduction 

The importance of the gluon gauge field in QeD is obvious, but it is hard to incorporate in a 

simple model. Belavin et al.[l] found the instanton solution for the Yang-Milis-Maxwell fields, 

and subsequently in the works of 't Hooft[2] and Shifman et al.[3] an effective interaction for 

quarks was derived from this. This has been used very effectively to describe mesons and 

baryons, in a model as simple as the original constituent quark model [4]. 

The nucleon that emerges in the effective instanton interaction model of Shuryak and 

Rosner[4], for example, is three U quarks with constituent masses and a interaction between 

them for the spin singlet pairs. So in the ~ isobar the latter is absent and the constituent 

U mass should be just about one third of the isobar mass M~, apart from a centre of mass 

correction. The form of the interaction that produces this is a short range 6(r) [3] that 

is about six times stronger than the conventionalone-gluon-exchange (see for example Dka 

and Takeuchi [4]). So one can use this in the nuli plane formalism for three quarks, which 

behave like bosons after the colour antisymmetry is taken out, with a delta function force[5]. 

The ground state and the first excited st_ate energies of the three particle system can now 

be given in terms of the constituent quark mass mQ and the di-quark mass mDq, scaling out 

the strength of the delta function interaction. Now, given the quark mass and the nucleon 

mass, we can fit the diquark mass. This is given in Table 1 for a range of mQ/mDq. The 

second excited state energy is close to 3mQ and is thus omitted from the table. 

One immediately gets interesting results (Table 1) in the sense that the two excited 

states of the nucleon can be predicted at 1300 MeV and 1480 MeV with the u-quark 

mass 493.7 MeV necessary to fit the nucleon. Further one can suggest that since there is 

practically no effect of the spin singlet interaction for the 2nd excited state, it should decay 

into ~ 1r and subsequently to N 1r 1r. Experimentally the first excited state of the nucleon 

is at 1440 MeV and decays most of the time to N 1r whereas the second state at 1710 MeV 

decays mostly to ~ 1r and N 1r 1r [6]. Thus the picture for the nucleon (anti-nucleon) -that we 
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are going to use is the quark-diquark model, which has been very successful recently. See, 

for example, ref. [7J. 

We use this model to calculate the proton-antiproton going to K K. Details may be 

found in [8J. The kaon wave-function in the null-plane has been recently parameterized 

[9J using the electromagnetic radius and weak decay constant. The beta parameter that 

goes into determining the size of the kaon has -been taken to be 315.5 MeV and leads to 

fK = 113 MeV and radius 0.514 fm. 

An important point is the presence of the annihilation mechanism for the two kaon 

production, due-to the strange quark[10]. The:rearrangement mechanism-does not contribute 

in this case. This allows a simplification in the model of the annihilation process, i.e., a pair 

of quarks is spectator in the kaon production. Thus, we describe the nucleon as one quark ­

and a structureless diquark, for this first study of annihilation process in the context of the 

null-plane phenomenology. 

The up-down spin-zero diquark concept has been recently probed in the study of the 

nucleon distribution amplitude with null-plane wave-functions[11J fitted to the results of 

QeD sum rules[12]. They found that the momentum scale of the wave-function of the scalar 

diquark is about eight times the corresponding scale for the relative wave-function of the 

third quark. 

2 - Details of the calculation 

The purpose of this work is to make a first step in the study of the proton-antiproton 

annihilation process in the null-plane phenomenology. V-Ie obtain the matrix element of the 

transition operator of the proton-antiproton system into two charged kaons, using a schematic 

nucleon wave-function in terms of a quark and a scalar-diquark. The simplification provided 

by the quark-diquark wave-function allows to formulate the matrix element as a one-loop 

Feynman diagram. The next step is to integrate this diagram in the null-plane energy. 
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The null-plane proton, antiproton and kaon wave-functions are introduced in the amplitude 

according to the procedure of Ref. [13) . The initial-state interaction comes from a separable 

form of the Paris proton-antiproton potential [14]. No final-state interaction is accounted 

for the kaons. 

We observe that the present approach, to the proton-antiproton annihilation process to 

two kaons, has the critical elements that will allow a more complete study in the context of 

the null-plane phenomenology. 

We review the formulation of the nucleon one-loop diagram for the electromagnetic form­

factor. The null-plane proton wave-function as a quark-diquark is introduced in the formulae 

after the integration over the null-plane energy. The normalization condition of the proton 

wave-function is also derived. Of course, a complete description of the nucleon wave-function ­

is desirable, but this is beyond the scope of the present study. 

The normalization of the quark-diquark null-plane wave function is obtained from the 

triangle diagram of the electromagnetic nucleon current. We use a constant vertex for the 

coupling of the proton to the quark-diquark fields. After the evaluation of the nucleon 

current, the coupling constants are properly substituted by the wave-functions, in analogy 

to the procedure discussed in [13]. 

The coupling of the nucleon to the quark and scalar-diquark fields is given by the effective 

Lagrangean: 

- S 
LN,q,D = r sNqD + h.c., (1) 

where rs is the coupling of the nucleon(N) to the quark(q) and scalar-diquark (D S ) fields. 

The + component of the electromagnetic current (J+ = JO + J3 ) of the proton at 

momentum transfer, q2, is given by triangle Feynman diagrams: 

(2) 
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where mQ and mDq are the masses of the quark and scalar-diquark, respectively. N = 3 c 

is the number of quark colors. k: and k:; are the proton initial and final four-momentum; 

k+ = kO + k3 and ,+ = ,0 + ,3. e is the proton charge. 

The charge form factor is obtained when the Dirac-algebra and k- integration are per­

formed. We choose the Breit-frame, where q+ = qO + q3 = 0, q- = qO - q3 = 0 and only 

transversal momentum transfer iJ.. is non-zero. The result is 

f (2) r;mNmQNc JtP K.l.dx 1 1 
(3)

1 q = 411"3 x(l - x) (m2 _ M2 ) (m2 _ M,2 )'
N O,N N O,N 

where mN is the nucleon mass, 0 < x < l. 

K2+2'K22
M 2 _ .1. m q + .L +ms (4)O,N- x 1-x 

is the square-mass of the free quark-diquark system, with relative transversal momentum K.l. , 

and the + component of the quark momentum has fraction x. Mri.N is free quark-diquark 

mass for the final proton, with the relative transversal momentum 

...., .... 
K.l. = K.l. +(1- x)iJ... (5) 

The quark-diquark null-plane wave-function of the proton is introduced from the inspec­

tion of the result of the triangle diagram for the charge form-factor. We identify the nucleon 

bound-state wave function as 

tP (M2 ) = rs [mN mQ Nc]"2

1 

(6)
N O,N mt- - M~,N 411"3 . 

The identification of the quark-diquark wave-function through Eq.6, above, is essential for 

the construction of the amplitude for the proton-antiproton annihilation in two charged 

kaons, as will be clear in the next section. In practical calculations a normalizable model 

wave-function is used instead Eq. 6, and the form-factor is free of divergence with the use 

of Eq. 7 below. 

The charge form-factor, after the substitution of the proton bound-state wave-function 

in Eq.3, is 

(7) 
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3 

with the normalization condition, f1(q2 = 0) = 1 . 

The box diagram: pp --+ K+K-

The kaon couples to the constituent up and strange quarks via the pseudo-scalar coupling, 

which can be expressed in the following effective interaction Lagrangean 

r .mqK+- 5 .mqK-- 5
L,K = -t- U"V S - t- S"V U (8) 

,q fK ' fK " 

where U and s are the up and strange quarks fields, respectively. The constituent up and· 

strange quark masses were supposed equal. This assumption simplifies the algebra. 

The transition amplitude for the annihilation process p p ~ K+ K- is diagrammatically 

represented by a box in which the diquarks are contracted with each other and a ss pair is 

created to couple with the other quark-antiquark pair to produce the K+K- . 

We construct the transition amplitude using the effective Lagrangeans Eqs. 1 and 8, and 

obtain 

2 2 ] -1
X [(kK - k - kp) - m q + i€ 

2 2 ] -1 [ 2 2 ] -1
X [( kp - k ) - mQ + ie k - mDq + ie , (9) 

where the Dirac operator is given by 

(10) 

k:, Jc; and kk being the four-momentum of the proton, antiproton and K-, respectively. 

We choose the center of mass frame (eM), and the z-direction is perpendicular to the 

scattering plane. This choice is the simplest to work with light-cone coordinates. The 
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momentum transfer of the proton-antiproton pair to the kaon pair is purely transversal. 

Such condition simplifies the integration over k-. Recently a careful analysis [15J of the 

form-factor of a bound state of two bosons for longitudinal and transversal momentum 

transfer has shown that the integration over k- gives the same answer in both cases. The 

+ components of momentum of proton, antiproton and K- are related according to 

-_ k+ - 1_+ - k+E p - ~ - K'� (11) 

where E is the CM proton energy. 

The integration over k- is straightforward and shown in ref.[8]. The result is 

i m~ 2 dxtPkl.J 
TpP-.K+K- = - (21r)3 Ik rsNc (1 + x)(I- x)x2 

xM [-2E2 + (kp- k)i +m: + (kp-+ k)i +m~ _ie]-1
I-x l+x 

x[k+k- _ (kp - k)i +m~ _ ki +m~]-l ,� (12)
P P I-x x 

where x - k+ / E ,0 <� x < 1 and 

k- = (E2 _ (kp - k)l +m~)E-l . (13)
l-x� 

The next step is to evaluate the matrix element of M,� 

(14) 

The kaon state is determined by the final momentum in CM. The initial state is characterized 

by the initial proton CM momentum and the spin projections along z-direction, M p and Mp. 

O'i are the Pauli-matrices. 
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(15) 

where 

The vector V has components in the x, y-plane; the component in z-direction vanishes be­

cause of the symmetry in the integrand in Eq. 10. The matrix element of < K+K- I 
M I Ii p > is a pseudo-scalar as follows from the transformation properties under rotation 

and spatial reflexion of the transition amplitude, in agreement with the general structure 

presented in Eq. 9. 

We insert the null-plane wave-functions of the proton, antiproton and kaons into Eq.12 

The coupling constants are substituted by 

(16) 

from Eq.6 for the nucleon and by 

(17) 

for the kaon. 

The free square-mass operators for the quark-diquark system in the proton and antiproton 

wave-functions are assumed to be the same, 

M 2 = (kp - k)l +m~ + ki +m; _ (£.)2 
D,N 1 "'P .1 . (18)

-x X 
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The free square-mass for the virtual constituent-quarks in the kaons is 

M,2 = (kp - k)i + m~ + (kp + k - kK)i + m: _(k )2 
O,K 1 K .1. • (19)-x X 

The last two factors in Eq. 12 are functions of (mk - M~,K) and (m~ - M~,N)' once the 

substitutions 

(20) 

and 

are made. 

The transition amplitude for the annihilation in two charged kaons, is obtained by the. 

insertion of Eqs. 16 and 17 in Eq. 12. The result is 

(21) 

where, 

2 (kp - k)i + m~ (kp + k)i + m: .] -1 
X - 2E + + - ~€ (22)[ . I-x 1+x 

We call the attention of the reader to the energy denominator in Eq. 22 . It is the free 

propagator for the quark-antiquark system carrying the total mass of the system, as the 

result of the proton-antiproton annihilation. 

The normalization of the cross-section is as follows 

du 
(23)dn 
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4 Numerical results 

Our numerical calculations of the K+K- production cross-sections take into account the 

initial state-interaction between the proton and antiproton. The great importance of the 

proton-antiproton initial interaction for the two-meson production channel, has been shown 

in Ref. 16 in a quark model. The calculations of meson production in the framework 

of effective Lagrangeans for the meson-baryon system[17) contain the nucleon-antinucleon 

initial state-interaction. For this purpose, we use the separable expansion of the G-parity 

transformed Paris N-N potential, with a coupled-channel two particle decay channel per 

isospin state, developed in ref.[14]. Their model reproduces the total, elastic and charge­

exchange cross-sections up to 530 MeV/ c of antiproton laboratory momentum. The proton 

and antiproton are supposed to be on-mass-shell in the elementary amplitude for the kaon 

production in the evaluation of the initial-state distorted matrix elements. 

The kaon and proton null-plane wave-functions are of Gaussian-form 

(24) 

where M~ is the square free-mass for the quark-antiquark and quark-diquark systems, for the 

kaon and nucleon wave-functions, respectively. The null-plane model of ref. [9) with Gaussian 

wave-function for the pion and kaon, used constituents masses of 330MeV for the u and d 

quarks and 450MeV for s quark. We supposed equal constituent masses for up and strange 

quarks with value of 493.7MeV. We fit the decay constant of the kaon with {3K = 315.5MeV 

which gives a mean-square kaon charge radius of 0.26 fm 2 compared to the experimental 

value of (0.34±0.05) fm2[25]. Our value of {3K is comparable to the average value of 320MeV 

for the neutral and charged kaons quoted in ref. [9] . 

The value of {3p for the proton wave-function is chosen to be 863 MeV. The proton charge 

radius is 0.32 1m. For the consistency of our arguments the calculated proton charge radius 

must be smaller than the experimental value of (0.81±O.04) 1m [26] by considering that part 

of the nucleon size is given by the diquark. The total production cross-section of K+ K­
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for the antiproton laboratory momentum of 390MeVIc is UK+K-= 0.21 mb compared to a 

experimental value of about 0.2 mb (see fig. 1). In fig. 1, the cross-section for the production 

of two charged kaons is shown together with the available data for laboratory momentum 

below 900MeV/ c. Data below 300MeV/ c are desirable to verify the model prediction. 

To summarize: our results show that the null-plane approach [9,13,18], well succeeded 

in the electromagnetic and weak processes, can be still pursued in reactions with strongly 

interacting hadrons and can be easily formulated for other processes. 

The authors are grateful to Prof. Bugg and Dr. Hasan for supplying the data points 

for the graph and also to J.Geicke, M. Melnikof and R.A.do Rego for discussion. This work 

is supported in part by the Conselho Nacional de Desenvolvimento Cientlfico e Tecnol6gico 

- CNPq, Brazil. T.F. thanks for the kind hospitality of the Nuclear Physics Group at the 

University of Hannover. 
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Table 1: Three body ground state and excited state energies, in units of quark mass, as a 

function of ratio of diquark/quark masses 

mDq/mQ Mfl"OUftIl_ Mecc&tetl 

1 1.568 1.825 

1.20 1.620 1.970 

1.40 1.680 2.147 

1.60-­ 1.17l" 2.360 

1.80 1.900 2.640 

1.90, 2.020 2.785' 

1.95 2.100 2.887 

Figure Cap_tions� 

Fig. 1 Total K+K- production cross-section as a function of laboratory momentum. Ex­

perimental data are from [19]. Our results are shown by the solid line. 
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