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» Aim: description of hadron interaction (mesons and baryons) -
amplitudes and spectrum.

» Description of mesons and baryons at low and intermediate energies
(0,1 -7 GeV).

» QCD in this energy region has coupling constant g > 1.
» We have to find approach which contains small parameter.

» String theories in tree approximation gives linear Regge trajectories.
Unitary (string loop) corrections lead to nonlinear Regge trajectories.

Consistent construction can lead to necessary smallness of these
corrections.
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Classical string models

» The absence of ghosts (negative norm states) in physical states
spectrum for cg = 1 in the case of open strings.

» Open string sector contains massless vector particle (gluon).

» Closed string sector contains massless tensor particle (graviton),
/
QXclosed ™ 7

» Relation for scale parameters of open and close string:

/ _ /
aopen - 2O‘closed

» Classical string models describe interaction on Planck scale
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Composite superconformal string model

» The absence of ghosts (negative norm states) in physical states
spectrum for the intercept g = 1/2 in the case of open string.

! . and o/

> Possibility to make independent scale parameters oy, losed

due to new topology.

» meson momentum:
p=1Jantk — k), ah~1GeV 2
» baryon momentum:
p=Japlk + k) + \Jalyke, ab ~ 1078 GeV
» Superconformal symmetry on two-dimensional surface.
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Formulation of string models

» Functional integration:

An :/Hdz,/DX(z /Dg(Z)eS(z) Vi(21)--- Vin(2w),

where z-coordinate on two-dimensional surface, X(z)-fields on
two-dimensional surface, g(z)-metric on two-dimensional surface.

» For tree approximation it is convenient to use amplitude in
VV-formalism:

Ay = /Hdz,-m\vl(zl)...vN(zN)|o>,

where

Vi(zi) =z V(1)z*
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Vertex operator

» Ground state emission vertex operator
V(zi)=z " {G, W} zP, W~ e

where G is the super Virasoro algebra generator for Neveu-Schwarz
case.

» super Virasoro algebra:

[Lny L] = (n = m)Lpym + 0p —mern(n® — 1),
{G,,Gs} = 2L,ys+ o (r2 — %) Or —s,
(Lo Gl = (2 =) Gnsr.

» Additional supercurrent symmetry nilpotent operator =
[V,Z]=0

» Additional supercurrent symmetry leads to m; =0
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Supergenerator G, two-dimensional fields

3 6
G = Z OX,H, + Z 1767 + (on the basic surface)

+ Z(Y,Si) flfi) + ¢>E%¢E%¢EQ)) + (on the edge surfaces)

i

+ Z(Yy) £ 4 m(b(z)qﬁ ) (on the ridge surfaces)
f

» Lorentz index u = 0...3.

» Index a =1...6. The /° field has hadron scale, /1...I° fields gives
neglectible contribution into tree approximation.

» Linear realization of supersymmetry for 90X, H,, 176, Ylgi)flfi).

» Nonlinear reallzatlon of supersymmetry for ng fields

[Gr7 ¢(1)¢(2)] = and {Gh ¢ } =
—



Nucleon vertex operator

» To make possible transition NN — 7 it is necessary to have two
types of nucleon vertex operator Vy = VN5 + vBH:
\A/,",’il(zj) = szL0 {G,, W,-’,-H} szO with odd number of
anticommuting field components
Viﬁil(zj) = ZfLO {G,, ﬁl/T/;7;+1} ZjL" with even number of
anticommuting field components

> [(erhu] -
» Conformal spin of vertex operator should be equal to 1.

» Requirement of m-meson to be a state with minimal mass.
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Spin-parity strucrure

» Eigenvectors \; of zero components /5 of fields carry quark
quantum numbers - spin and isospin.

. . . +
» Nucleon isospin-spin structure TJ” = %% :

(M) Ar for VBH,
(5\,”}/57'a>\j))\f’)/57'a for VNS,

» m-meson structure:

(A7)

» 7n-meson structure: ~
(A5 A7)
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The zeroth components

» Two-dimensional fields Ylsi)(z) =3, Y,g,'?z"
» The eigenvalue of Y(i) is a;_,k(i)

> The eigenvalue of Y(f is \/aP,k(f)

> The eigenvalue of 90Xy, is Y \/a;,,k;(f) +> \/af._,kl(j)

> The eigenvalue of § is

I8 = gs (Z (Z T(B)(l’)) T(a)(f)ridg8> +6 Z 7@ 7(2)0)

a,i#j

where a is the number of isotopic component,
TE0) = %)\(’)73)\(’) are isotopic generators.
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T-meson

» m-meson has spin-parity J© = 07, isospin T = 1.

» m-meson quantum numbers appear in Vir Vs channel.

Different isospin structure of Vgy and Vjs leads to different

eigenvalues of zero component of field /1 for T =1 and T =0:
Ié'sovec 7& Ié'soscal_

>

On mass shell conditions Ly = 1 lead to following expressions:

1 mz 5 I(isovec)2

VNSZ 5 TN +§ + L =1
1 m/2\/ 5 Io(isoscal)Z 1

Ver: 53 — 3 +& + 25— =3

I(gw)z

2
LR S

N \ 7
x&
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7-meson

v

n-meson has spin-parity J© = 07, isospin T = 0.
n-meson quantum numbers appear in Vigy Vg channel.

The mass conditions Ly = 1 for 7-meson and m-meson give us
relatoin for their masses:
2 1,2 .2
mz +5m, = my.
We choose m3, = %mi, take into account m? = 0 and then get

my, = 544 MeV.

For ground states of the first and the second daugter Regge
trajectories we predict: 1140 MeV for 1(1295), 1520 MeV for

1(1405).
N \ '
x Q
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Interaction amplitude of m meson and nucleon

""m?f

Ay~ (5 —an-()F (1 —a’(s)) N M3 —aa-()F(1 - a’(s))
" F(3 — an+(t) — ar(s)) r3 —aa-(t) —ar(s))
N M3 —aar ()N —a(s)) | T(3 —an-())[(1—a’(s))
M(3 —aa+(t) — ar(s)) (3 —an-(t) —ar(s))
Where
an+(t)=—1+% an-(t)=—3+1
ap+(t) =1+ ap-(t) = -3 + 5.
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N Regge trajectories

~

RN~ NWw Nw NN NS N‘:
L L L L L L
t t t

N

m2[m’, |

> Green dots: m(1") =940 MeV, m(3") = 1680 MeV,
m(27) = 2250 MeV.

> Blue dots: m(3 ) = 1675 MeV, m(3 ) = 2220 MeV'.

Alla Semenova, Viatcheslav Kudryavtsev String description of hadrons



A Regge trajectories

~

RN~ NWw Nw NN NS N‘:
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t t t

i~

m2[m’, |

Al

> Red dots: m(3") = 1232 MeV, m(% ") = 1950 MeV/,
m(4 ") = 2420 MeV.

> Violet dot: m(2™) = 1700 MeV'.
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Summary

We formulate vertex operator for nucleon.

We formulate wavefunctions of initial ground states.

2 3 4,2

>

>

» We get m and 1 mesons in NN channel.

» Using parameter my = 5m, we predict masses of 7 mesons.
>

7 N interaction amplitude reproduce nucleon and A spectrum
properties.
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Thank you for attention.
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