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MULTIBARYON AND MESON-LIKE STATES
IN THE SU(2)-SKYRME MODEL

V.A.Nikolaev, 0.G.Tkachev

The effective quantum mechanical Hamiltonian for topologically
trivial and nontrivial sectors of the Skyrme mddel is obtained in the
framework of the collective coordinate method. The collective variables
correspond to the vibrations and rotations in the space and isospace.
Some numerical results for the observable values for the lowest states
are presented.

The investigation has been performed at the Laboratory of Theore-
tical Physics, JINR.

MynsTHGapHOHBI I ME30HOIOOOHbIE COCTOAHUA
B SU (2)-monenu Cxupma

B.A Hukonaes, O.I' Tkaues

B MeTome KOIUIEKTHBHBIX HEpEeMEHHBIX, COOTBETICTBYIOIMX BHOpa-
IHAM, a TAKXKE BpalLeHWsM BO BHEIIHEM H BHYTPEHHEM NTPOCTPAaHCTIBaX,
nonyueH 3¢ ¢eKTHBHBI KBaHTOBBIH rAMIWIbTOHHAH [JJIA TONOJIOTHYECKH
TPHBHAIBHOTO M HETPMBHANBHBIX ceKTOopoB Mojenmu Ckupma. IIpuso-
JATCA HEKOTOpble pe3ynbTaThl YHCIEHHBIX pacueToB, HabIiomaeMbIX
U1 HIDKaHIMX COCTOSHUA.

PaGoTa BhinoysHeHa B JlaGoparopuu Teoperndeckoi ¢u3nku OUAN.

The Skyrme model '’ , as a chiral soliton model of baryons, has
some phenomenological success in describing the static properties
of nucleons and their interactions. Recently, a new ansatz for the solu-
tions of the stationary Euler-Lagrange equations has been proposed
in”%3/ for the multibaryon states. As it was shown in 2/ and 73’/ ,
some of the solitons with baryon number B > 1 were classically stable
objects. In’?/ the new series of meson-like solitons with B=0 are
also obtained, and the classical properties are investigated. The pur-
pose of this paper is to obtain the quantum mechanical effective Hamil-
tonian in the framework of the collective coordinate method. We use
the vibrational and rotational degrees of freedom as collective coordi-
nates and calculate the masses and binding energies of the lowest states
in this method.

18



Let us describe the important steps needed to obtain effective
Hamiltonian. We start with the Skyrme Lagrangian density £ :
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where L = U+3MU are the left currents and assume, as in/2:3/ that
the chiral field U(r) has the following structure:
U@ = cos(F@) + 1(+N) sin(F(r)) . @)

Here N determines a direction in the isotopic space. It is expressed
by the components in the spherical coordinates system

N - (cos(D(e)) sin(T(9)), sin(®(e)) sin(T(8)), cos(T())). | (3)

As it was shown in/2:3/ the mass of the Skyrmion is given by the
functional of the T(8), ®(¢), F(r):

M=M2+M‘, (4)
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where y = n- F‘"/eandx F.e.r

We do not give here the system of equations /2/ for the solution
T(6), ®(¢) and F(x), but we have to note the requirements to be
imposed on solutions. Thus, we consider only the configurations with
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finite masses, that is why we have F(0)=m and T(0)=0, T(m ==
with integer n and £. Some integer k determines ®(¢) =k.¢, and
leads to a single-valued solution., Now all the solutlons U e (x) are
classified by the set of integer numbers n, k and £.

The next expression for topological (baryon) charge with such
an ansatz in”?/ has been obtained

"B =l—{‘:2—n(1-cos(1r-ﬂ)). | (7

This expression points out that between the solutions there are ones
(with even () that will be quantized as bosons with an integer spin
and isospin quantum number. On the other hand, odd { will corres-
pond to the multibaryon state with B=n.k.

To obtain quantum mechanical effective Hamiltonian we employ
the collective coordinate method. Now the chiral fields are considered
to be time-dependent:

Urt) = exp(i.r' 18 ) N RAMx ) - Fxee?)), (8)

where R and I are the spatial and isospin rotation 3 x 3 matrices, and
A(t) is the time-dependent parameter of the dilatation vibrations.
Inserting Eq.(8) into the Lagrangian in which the time components
L, of the currents now play their important role we have
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Performing the canonical transformation and determining canoni-
cally conjugate variables

oL oL L
=e—, T = , S = ,
oA e 90, (10)

where the angular velocities Q and @, for the rotation and isorotation
are given by

R . "
B i Ry =5 Qs Iyg @7 Dyy=eyp 0 s (11)

we obatin the Hamiltonian for k? £1
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Here symbols p, T and S are interpreted now as follows: impulse p cor-
responds to the vibrational operator, T and S are the isospin and spin
operators. The vibrational potential M(A) is given by the next expression
M) =M, - exp(=2) + M, -exp(A). (13)

For the interval values m(A), QT(/\), QS (A), Q(A) we have:
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It should be noted that we have S3 —k*'Tg3 =0.Itisacon-
straint for the wave function of the quantized Skyrmion. More strictly
speaking the wave function is given by

vE@T+1)(2S +1) )
DT (D (R) (18)

<L,R|TK, CM,L>=
8772 M-KL

as in’% and its parity is given as P = (-—l)L. If we exclude the vibra-
tional degrees of freedom from our consideration we obtain the expres-
sion for the mass spectra forB=2 (k=2,¢ = 1):

F et _S(S8+1) TT+D 1
E = =T 17055+ — . [ + - T211 (19
S, T.T3 e T2 272.4 183.0 83.2 ° (19)

(for an arbitrary value of F,, and e).

Now we present here some numerical results for the calculated
soliton states with B =2 (see Table 1) and lowest multibaryon states
with B = 3,4 (Table 2). The calculations were performed in the harmo-
nic approximation with the next values of the constant: e = 4.84 and
F, =108 MeV (M, = 931 MeV).

Table 1. The calculated energies
for the B=2 (k=2, =1) soliton states
with isospin T, spin parity S® and

quantum number n) =0 corresponding Table 2. The lowest multibaryon

to the vibration mode states (k =34, =1)
T sP E—2M pyct B T S Ty E=B-Mya
0 0 —214 MeV 3 1/2 8/2 1/2 —268.0 MeV
0 1, —172 MeV 3 3/2 3/2 1/2 —210.5 MeV
1 0 —154 MeV 4 0 0 0 —324.0MeV
1 1" —118 MeV 4 0 1 0 —312.7MeV
1 27 — 53 MeV 4 1 0 0 —2945MeV
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The calculation shows that the classically nonstable state k = 4,
£=1 has the binding energy 72/ 4920, 7 MeV, and becomes stable
when the quantum correction is taken into account (see Table 2).
It may have some more general sense.

The effective quantum mechanical Hamiltonian for baryon and
heavy meson-like states of the Skyrme model is obtained in the frame-
work of the collective coordinate method. The collective variables
correspond to vibrations and rotations.
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