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STRING MODELS, STABILITY AND WIDTH OF HADRON STATES

String models of hadrons e o o —8

a) meson string model

b) quark-diquark model g-qq
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(c) linear configuration ¢-q-q

(d) Y configuration q
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e) “triangle” (or A) model
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Action

S = —7/ v —det ||ga|| dT do — Zn:mj/\/:b%(ﬂ dr. (1)

Here ~y is the string tension, gup, = 1,,0, X" X", 1, = diag (1; —1; —1; —1) is metric
in R ¢ = 1; m; are masses and 0 = o(7) or o/ = 2//(1) = X* (7,04(7)) are world
lines of massive points (quarks), @//(7) = %x?(ﬂ; (a,b) = na"b”.

RS o# = XH(1,0) is a string world surface

Dynamical equations result from the action (1) and
under orthonormality conditions

X2+ X%=0, (X,X)=0 (2)

take the form (here Xt=9 Xt XI= Oy XH)

\\
%ﬁn 2X1 PPN
k% OXE AT (3)

X ot? Jo?

=0, (for an endpoint) (4)
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m, XX XM gmX]| =0, ()
dt 72 (7_) o=0;—0 o=0;+0
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Rotational states for string models ¢-¢ and ¢-g-q:
X*(1,0) = X!(1,0) = Q ' [07ely + cos(0o + ¢1) - €(7)], (6)

where o € [0, 7], Q = 0/ay is angular velocity, eq, e1, s, e3 is a tetrad in RS,

el (1) = e} cos 01 + eb sin O, é'(1) = —e! sin 07 + €} cos Ot
are unit rotating vectors, v; = cos ¢y, m;Q/y = vj_l — ;.
Energy and angular momentum of states (6) :
2 2

+AEsp,  ABsp=)» [1-(1—v)")(Q-s)),

R o
j=14/1 =3 j=1
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Rotational states of all string models (here ¢-G and ¢-¢-q) generate Regge trajectories
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and baryons




Stability problem for the model ¢-¢g-q

We substitute the general solution of string oscillatory equation (3)

1 :
XHr,0) =S (T +0) + V) (T —0)l, o€ojom],  Vi(r)=0 (7)
into boundary conditions (4), (5). We obtain the system of ordinary (nonlinear) differen-
tial equations with deviating arguments :

i W)
ar (2014 (7), ‘111—(7'))1/2 21

() - (),

d (1+46) 0" (+2) + 1+ )0 (=)  ~ d - .
. . 1/ — - 2+(+2) - \Ij1+<+2) )
AT [2(1 — 63) (V11 (+2), U1 (—2))] / e dT[ }
d W (H)+¥ (=)
AT (20, (+), Uy (—))* 2ms
U, (+2) + W) (—2) = Uy, (+2) + Uy (—2).

Here (+2) = (T to02(7)), ()= (r£m).

B (—) - 0 (+)],



For the rotational state (6) with U, (1) = ¥4, (1) = Q7! |ef0r + e(T £ ¢1/0)]
we substitute small disturbances

T — 2
\Pgﬂ:(7> — ifl;j:(T) + Wi(T), 0'2(7') = 0y + 52(7-)7 gy = ®1

20

into equations of motion, omitting squares 1+ and 0.
The linearized system for small disturbances ;1 and 09 is

/ib+<+2) + Wll—<_ ) ¢2+(+2) + wlg ( )7 ( .]:|:7 w.ji) — 07
VIL(T) + U (7) = UL (U, 1 (1) + (7)) = Qu [0ty (1) — 91 (7)],
¢5+(+)+¢5—(—) —Qg(Q3,¢2+( ) + tho(— ) = Qs|y (=) — ¥, (+)],
i (F2) + P (—2) — 2a0[b2e" (1) + 062" (7)] =

)

1
_ Qeao [(\Ifl+(+z) d1-(=2)) + (B (=), i (+2) | + 200 [, (+2) — ¥4, (+2)]
Here ag =0/,
— ejun(r)
Qj _ Tz] 'YCL() / Uj 6137176;}2 T =1 =1
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Subsystem of 4 equations with zp?i has solutions wji = Bjie €T if and only if

—Zf — Ql —2'5 + Ql 0 0
; 0 (—i€+ Q) e™ (=ig = Qg)e™ | _
(—Z€ -+ 2@2) e—ing _ife’tgzg 2Q2€—ig2§ 0 =0 D ———
e~ 1026 PR12Y3 o028 i

Q2[(Q1Q3 — &) sin € + (Q1 + Q3) & cosmE] + £(Q182 — £52)(Qsc3 — £33) = 0. (8)

The similar condition for small oscillations in the rotational plane (for projections

.+ onto basic vectors ey, e, é, for example, L+ L€ ~%7Y is the followin
J jts € B 5
spectral equation:

§ & — 07 _ (Qis18y — £7) — 2Q1E5, N (Q326303 — £7) — 2Q03£53
Qo 2 —02 (Qs15 — £2) +2Q1€c  (Q32:353 — &%) + 2Q38C3

”j = 1—|—vj_2, Gy = COSO5E, §g=sino,E, €3 =cos(m—0,)&, §3=sin(m—a,)E.

(9)

Roots of Egs. (8) and (9) [in the form F(§) = O} on the complex plane of £ = & +i&y
are cross points of zero level lines for Re F'(§) and Im F'(§).
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closed string: w=05 m=m, =1,
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String model Y

Dynamical equations (for 3 world sheets X;TL(T]-, o), j=123 oc€l0,n]):

o* Xt o*PXH dU" (1) : ot (1)
S — =0 — Ly X (g, ) =0, Ul(ry) = —=
((97'].2 o2 7 m; dr; + YA (7'3777) ; ] (T]) :i:?(@)j

3
X1'(7,0) = X5 (2(7),0) = X{ (73(7),0), ZXj'u(Tj(T), 0) 7;(r) = 0.
j=1

Rotational states of the Y configuration

X?(Tj, O') = Q_l [GTjngrsin(@a)-e”(Tj+Aj)] :

Aj = 27(j — 1)/(30).

02 -01 O
a o] \

sz G. S. Sharov, Phys. Rev. D 62, 094015 (2000);
arXiv: hep-ph/0004003.
G. 't Hooft, Minimal strings for baryons, arXiv:

hep-th/0408148.
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Analysis of small disturbances for the model Y

U () = W) +(r), Wl £ m) = T\~ UL () % U ()
and 7;(7) =74 9d;(7) (j =2,3) substitute into dynamical equations.
Spectral equation of small oscillations in the rotational plane for m; = my = mg is

(& - 6% (iéﬁq + tan Wf) (f;(;gq — cot 775) = 0.

Ovq 21—|—?}%
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Rotational instability and hadron’s width
For the linear model ¢-g-¢ width of a hadron state

0 * *
I'= 1% + Lipse, Iy = 0.1 By = Olﬂa Linst > 52 — 52 .
r () a v
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