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Introduction

Introduction

@ A class of phenominological models of hadronic systems that have
dual represenations as models of mesons and nucleons or constituent
quarks.

@ Quarks, antiquarks and gluons in confined color singlets interact by
string breaking interaction.

@ The degrees of freedom are gauge invariant sub systems of quarks,

antiquarks and gluons

Locally and globally color invarant, hence no color indices

Model using mass operator with kinetic and potential term

Interaction between confined color singelts is by string breaking

Fully relativistic model with light front kinematic symmetry

Assymptotically linear confinement

Vertices can be calculated analytically

The role of sea quarks in spectral calculations, lifetime calculations,

scattering and electromagnetic calculations
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Kinematic considerations

Vectors in the irreducible representation space H; are square integrable functions of the light-front
momentum components p = (p*, p.) and the eigenvalues p of the i component of the light-front spin,j¢ - f,
((m, J)B, i) (1)
Poincaré transformation on the basis states can be expressed as
N J Nt g [P —1, 7
UA, a)[(m, j), B, i) = D [(m,j), B, 1 )e D/, [B ' (p'/m)AB(p/m)] @
— p
W=

For a non-interacting quark-antiquark pair

|P=ps+p; Mo=+v-P> Q=P/M.

The momentum of the quark in the rest frame of the non-interacting quark-anti-quark pair is defined by
transforming to the rest frame with a light-front preserving boost

k=ke =k =B (Qpg kg = B "(Q)pz.

The light-front momentum fractions are defined by

k+
5:V0:P;/P+ ]-_é‘:P;,r/'DJr (3)
which can be used to express
kil =pgL —&PL kT = Mog (4)
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Kinematic considerations

The tensor product and two particle Poincaré irreducible light-front bases are related by

[(IMo|, /)P, (1, s)) =

S (meda)aa) © [(ma.ja)ba 7a) DY, [Rec(ka/mo)IDIT, R (kg/mq)] x

Dq:0g: kg g M ts
<jqa P‘qajfh Hfllsa I‘s) Ylm(k)<57 Hs, I mIJy ﬁ'> X

P;P;(wq(kq) + wg(kg))
wq(kq)wq(ks)(py + PE’

With the interaction
M= M, +V

Poincaré transformation
J

U )M DB il ) = 30 1(M,5), B ey D1, 1B (P /B (P /m)]

w'==j
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Confined Quarks
Confined Quarks

The confined singlets contain quark-antiquark pairs. The Mass operator with the quadratic confining
interaction is,

M= /i3 + Ve + m2 4+ /K2 + Ve + m2. (®
)\2
V. = _Tvﬁ+vo 9)

The resulting bare meson mass eigenvalues are

3 3
M,,/—>\/mg+/\(2n+/+§)+\/m§+)\(2n+/+§) (10)

Adding a spin term

Mps — \/mf7 +A2n+ 1+ g) + \/mf7 +A2n+ 1+ g) + do(a+ g(s(s+ 1) —3/2))) (11)

We can solve for a and b to get the correct m and p masses

1 3 3
a:Z(3mp+mﬂ)f\/m3+)\§7\/m§+)\§) (12)
b=m, — m, (13)
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Confined Quarks

The harmonic oscillator wave functions in the coordinate and momentum-space have the form
(r|n, I, m) = Ru/(r)Yim(?). (14)

(k|n, I, m)y = Roy(K)Yim(K). (15)
The RMS relative momentum and displacement of the pair is

(P2 = m (k3?2 = \/m (16)

In the limit 2n + | gets large, M ~ \/EA(r2>1/2

Mass? vs L Mass vs r
1m0 * ] —
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i
String Breaking Vertex

This allowes the confined singlets to interact. Its a string breaking interaction that assumes a quark-antiquark
pair is created with equal probability at any point on the path between the quark and antiquark causing it to

break up into a pir of confined singlets. The string breaking interaction in r space have the form

v(ri, r2, ri2; 1) i= vo(r — 2rp2) /01 dné\/g(rl — 77")5@("2 — (1 =mn)r)

q . q
o= —=
q . q
o——e

The expression for kernel of the vertex as an expansion in harmonic oscillator states is

v(ri,r2, r2ir) ==

A 2 B A2 (2 2
%5(’ B 2r12)(ﬂ)34ﬂ3(x)3/2 Z/o dne— 3P+ a=m?) hzn (g b2

( /ir12)2"1+11+2"2+/2 y Yngtymy (1) Y g F12) Wy ymy (12) Y oy, (Fr2)
2 \/2n1!r(n1+/1+ g)\/znzlr(n2+/2+ 3)
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String Breaking Matrix elements of the vertex

Matrix Elements of the Vertex

Integrating the vertex against three oscillator states

(n1, by my, na, by ma,rialvin, I, m)y = /w:l/lml(r1)¢:2/2m2(r2)v(r1, 12, 112; )Y pim(x)dridrodr =

X )20+l +2m+h
g 3/2 (/5 n2)
2 Rar(2n2)(23)*/2 x

\/2n1!r(n1 +h+ %)\/anlr(nQ +h+ %)

! !
b (h +2n1)!(h + 2m)! )l (})/1+2n1+/2+2n2 y
kg Fmar k! (L + 201 — k1)I(l2 + 202 — ko)! 2
/\r122

1 3
M+ - )Yim (#12) Yy iy (#12) Yy iy (F12)

2r+1

The following is added to include the spin dependence

1 L 10
(0,0[1, m;, 1, mg)(1, mslayuza > Ha) Y (F12)
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Vertex strength
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Dynamics

The model Hilbert space is the orthogonal direct sum of the one-singlet Hilbert space with the tensor product of two copies of

the one-singlet Hilbert space
'H:’HQ@('H.Q@'HQ)
The mass operator on H is given by
M= Mo+ V

and the mass eigenvalue problem has the form

Me 12 lv1) ) _ 1)
( V2.1 \/M§1+q§2+\//\4§2+q§2 >< [1h2) >777< [12) )

1 1
I — V1

2
— M 2 2 2 2
n < "_\/Mc1+q12+\/Mc2+q12

to label the one and two singlet channels, and

vai1 | W1) =0

— — /2 2 3 2
Mn = Mys — Mny,ny,q15 = \/q12 M s T \/q12 + M sy

to label the mass eigenvalues of the bare meson systems. In this notation the mass eigenvalue problem has the form

3 (e

oo 1 q%dq
> / ———(nlviz|n1, m2, ) —————(m, n2, glva1[m) | (m|¥1) = 0.
ny,ny 0 n— My n-—- Mnlnzq
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Summary

@ A simple relativistic quark model with a string breaking enteraction
between confined color singlets

@ Study the effect of sea quarks in the spectral calculation, lifetime
calculations, scattering and Electromagnetic phenomena.

@ See if it can be extended for baryon studies with diquark
approximation

THANK YOU
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