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Energy spectrum of the quantum vortices configurations

A review of various exactly solvable models on the determination of the energy spectra E (k)
of 3D-velocity field, induced by chaotic vortex lines is proposed. This problem is closely related to the
sacramental question whether a chaotic set of vortex filaments can mimic the real hydrodynamic
turbulence [1]. The quantity v(k)v(-k) can be exactly calculated, provided that we know the probability
distribution functional P({s(\xi 1)}) of vortex loops configurations
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C.K. HemupoBckui
JHepreTUyecKUin CNeKTp KBaAHTOBbIX BUXPeBbIX KOHGUrypauumn

B pabote npeanaraetca 0630p pasanyHbIX MOAENEN, UMEIOLLMX TOYHOE pelleHne MO ONpeAeneHnto
3HepreTnyeckoro cnektpa E(k) nons 3D-ckopocTy, BbI3BAHHOMO XaOTUYHBIMW BUXPEBBIMU MHUAMUA. ITa
npo6siemMa TeCHO CBf3aHa C CaKpaMeHTasbHbIM BOMPOCOM, MOXET JIN XaOTUYECKOe MHOXEeCTBO BMXpe-
BbIX JIMHWI VIMUTUPOBATb peaibHyl0 rMApoAMHaMMyecKyto TypbyneHTHOCTb. Mbl BBOAMM 06LWMin MeTog,
pacyeTa 3HepreTMYecKoro crnekTpa no KOHGUrypaumaM BUXPEeBbIX JNHWIA, pacCMaTPpUBaEM HEeCKOJIbKO
MPOCTbIX, HO NOJIe3HbIX MPUMEPOB — NpPAMas JIMHUA U BUXpeBOe KonbLo paanyca R.

KnioueBble cnoBa: 3HepreTM4YecKnin CrneKTp, BUXPEBble JIVHWUW, TMAPOAMHAMMYecKan TypOyneHT-
HoCTb, cnexkTp Konmoroposa.

C.K. HemupoBckui
KBaHTTbIK KyWbIH Tapi3ai KOHpUrypauuanapabliH 3HepreTuKanblK cneKTpi

By )KyMbICTa KyMblH TAPi3Ai XaoCTbl Cbi3bIKTapAblH 8CepiHeH TybIHAANTbIH 3D-XblAaMAbIKTbI 6piCiHiH
3HepreTuKanblk crnekTpi E(k)6onbiHwa HakTbl Wewwimi 6ap apTypni Mofenbaepai KapacTbipy YCbIHbIIAAbI.
Byn Macene KenTereH KylblH ToPi3Ai XaoCTbl CbI3bIKTAP LWbIHAKbI TMAPOAMHAMUKANbIK TYpOyNeHTTiNIKKe
YKcalabl Ma JereH Kuesni cypakneH GannaHbicTbl. bi3 KyibiH Tapi3ai cbi3blKTapablH KOHGUrypauuschbl
OolibIHLLIA 3HEPreTMKabIK CNEKTPiHiH ecenTey agicTeMeciH eHrisemis, bipHelle KapanaibiM, bipak nanga-
Nbl MbICaNAapAbl — Ty3Y Cbi3bIK XaHe paaunychbl R KyiiblH Topi3ai WweHbepAi KapacTbipaMbi3.

TyiiH ce3paep: sHepreTMKanblK CNEKTP, KyibiH ToPi3Ai Cbi3bIKTap, rMAPOANHAMUKANbIK TypOyneHT-

Tinik, Konmoropos cnekTpi.

A review of various exactly solvable models
on the determination of the energy spectra E (k) of
3D-velocity field, induced by chaotic vortex lines
is proposed. This problem is closely related to
the sacramental question whether a chaotic set of
vortex filaments can mimic the real hydrodynamic
turbulence [1]. The quantity v(k)v(-k) can be exactly
calculated, provided that we know the probability
distribution functional P({s(\xi ,f)}) of vortex loops
configurations [2,3]. The knowledge of P({s(\x7 ,¢)})
is identical to the full solution of the problem of
quantum turbulence and, in general, P({s(\xi ,¢)})
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unknown. In the paper we discuss several models
allowing to evaluate spectra in the explicit
form. These cases include the standard vortex
configurations such as a straight line, vortex array
and ring. Independent chaotic loops of various
fractal dimension as well as interacting loops in
the thermodynamic equilibrium also permit an
analytical solution. We also describe the method
of an obtaining the 3D velocity spectrum induced
by the straight line perturbed with chaotic Kelvin
waves on it. Especial attention will be paid to
the spectrum produced by the collapsing and
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reconnected lines. It is shown that reconnecting
lines generate spectrum £ (k) close to the famous
Kolmogorov spectrum E (k) = k”. These are works,
based on both the vortex filament method and the
Gross-Pitaevskii equation. The quantity v(k)v(-k)
can be exactly calculated, provided that we know
the probability distribution functional P({s(\xi ,t)})
of vortex loops configurations [3,4]. The knowledge
of P({s(\xi ,t)}) is identical to the full solution of
the problem of quantum turbulence and, in general,
P({s(\xi ,t)} ) unknown.

In the work we introduce the general method for
calculation of the energy spectrum via the vortex

line configuration, then we consider the couple of
simple but useful examples -the straight line and
vortex ring of radius R. Then we study uniform
and nonuniform vortex arrays, the straight line
with excited Kelvin wave on it and then we study
the case of the reconnecting vortex filaments. We
demonstrate that the spectra E(k), generated by the
these configurations, is very close to the Kolmogorov
dependence varproptok™?, and discuss the reason
for this as well as the reason for deviation.

The study was performed by grant from the
Russian Science Foundation (project N 14-29-
00093).
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