Strings as Multi—Particle States of Quantum  o—Models

Nikolay GromoVv-’, Vladimir KazakoV, Kazuhiro Sakéi Pedro Vieir&*

“LPT de 'Ecole Normale Suwgrieure et Universdt Paris-VI, Paris
b St.Petersburg INP, Gatchina, 188 300, St.Petersburg
© CFP and Departamento desiea, Faculdade de @ncias Universidade do Porto.

For large L, J,, J, the particles will condense Iinto| p/(x) will define a2—sheet Riemann surface with branch
1 On the one hand... I curves, cutg in the complex plane, described by points wherel'(x) = +£1.

2G,(2) — Gy(z) = 2mn,, 2z€Cy B, B- —
The fundamental quantum excitations of tid&4) Go(2) — Gol2) — Gu(2) = —21rm,  2€Cs (2) /@ 2 /6/?
sigma—model 2G,(z) — Gy(z) = 2mn,, z€C, a 7
VA [T , where Gy(z) = log,uzﬁ oar 9 (with similar defini- -1 oA e
> = 0 do / dr (0 Xe)” . XX =1, (1) tions for G, and(7,) and ¢/ is the average of the resol- = Nz

_ _ _ vent above and below the cut. Furthermore we consider
are particles with dynamically generated mass, momep- , single mode number for alls. Let

tum p(f) = +-sinhw0 and SO(4) = SU(2) x SU(2)

Isotopic degree of freedom. P = —py =Gy ——Gg , p3= —py = G, ——GQ 3 Fusion I
/ The crucial remark Is that equations (2) transf :
/ late into the statement that the quasrmom_em.a Each of the previous sections ended with a plot of a Rie-
1(2),p5(2), ph(2), p)(z) form the four sheets of the Rie- .
! , P1A%): Po\%), 3\ ), Pa . . mann surface. These encoded the positions of the roots
o) mann surface of an analytical functipfiz). . e e
>

Fig. 5. Algebraic curve from the finite gap method.

of the system of BA eqgs. In the classical limit (figure

A, e 3) and the analytical properties of the quasimomentum
associated with each classical solution (figure 5). The
Fig. 1: Each particle in the circle carries an isotopisO(4) de- u main statement of our work is that these Riemann sur-
gree of freedom, parametrized by a four dimensional unitorec % = faces are different projections of the same object.
. o \9 B _
The many—partlcl_e wave function will depend of the \;/é /%Z/

momentap(f) conjugate tor and on the momenta of
the spin waves of _both theU (2) Isotopic .d-egrees of \ > >
freedom (parametrized by andv). Periodicity of the Z
wave function in the circle of lengthr yields the Bethe
ansatz (BA) equations

Fig. 6. The curves appearing from the finite gap method and the
Fig. 3: Structure of the curve coming from the Bethe ansatz side BA equations turn out to the different projection of the same curve.

o —ipsinh w6, H S2 The key tool Is the Zhukovsky map
B4a 2 ... on the other hand I |
ﬁea 2/21—[9 — /2 r=a+ -
j 0, — u] —i/2 410, — v, —i/2’ Action (1) also describes the movement of a closed \
I | string in a3—sphere. _ _ _ _ _
- H uj — 05 —1/2 H — U+t Let us mention two properties of this map. Firstly it
= : uj—O0s+1/2- uj—uz—z "" " maps | —
L : —> .
1:HUk—(95—Z/2HUk—UZ+Z ‘p// %‘4 \/Z::Q X 1
5 Uk T O +1i/2 1 kT T L In the BA context the left hand side appears as the as-

ymptotic behavior of the resolvent (or of the density) of
the # particles close to the walls of the boxat= +2.

The explicit form of the scalar factd, is known. For

- gy . 2 ~ —3 .
arge rapidities; log S§(¢) = 1/0 + O (67°). L > In the string context the poles at= +1 are present by
n the classical limit theguantum generated mass IS Fig. 4: Each particle in figure 1 is mapped into a point of the string QonStrUCtion- What happens then_is that poles abf
very small. Taking théog of BA egs and rescaling The descritised string becomes continuous in the limit of large nunp- ~ flgure 5 are mapped to thtecuts of figure 3.
log 12 ber of particles. The second crucial property is that the interior (or ex-
(0,u,v) — o (0,u,v), Let us ensemble the string coordinates in $H&2) el- terior) of the unit circle in thec—plane is mapped into
_ _ _ . ementy = X +i03Xs + i02X5 + i01. X,. From the pure a full z—plane. Thus the Zhukovsky map doubles the
I(_)ne_ obtamz;; Sel ]?f etﬂuatloptg wh|ch.rescclemblfeﬂ:he = gauge currenf = g~ 'dg we construct number of sheets. More precisely, the two upper sheets
|or|um con_l 10NS pr € pC_)SII 0N, “@han U O hree _ 2.+ i, 2, -+ . of figure 3, withu-cuts, are mapped into the interior of
SOEC@I’eSf ofllntera(t:tlng Ipar?c et'S-I Furthermore the parg- Jrz)=—5— Jolo)=—5— the unit circle in ther projection while the two lower
clesf’s feel an external potential. - - - L
wherez is a generic complex number called the spectral sheets are projected into the exterior of the unit circle.
V(6) = pcosh <1O§M 9> par.qmeter. The equations of motion and the definition |
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~ r = 1, T'(x) is an analytical function in the—complex
0. 2! plane Atx = +1 the quasimomentum(x) has poles
whose _reS|dues are fixed by the Virasoro constraints. Bi- 5 References I
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Fig. 2: We plotV () for —102%“ =1, 5,9, 13 (lighter to darker gray). plz) = I"(z)
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