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What is TGPE (or PGPE)?
• Clasical GPE contains density waves (sound
with dispersive eﬀects at large k)

• These phonon modes should be quantized
• Can they be treated classically?
• Analogy with black body...

Black body and truncation...
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The theoretical description of trapped weakly interacting Bose–Einstein condensates is
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Thermalization dynamics in turbulent BEC is investigated
using
TGPE.
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A bottleneck delays the final
thermalization when large
dispersive effects are present at
truncation wave number and
produces an effective selftruncation.
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These effects are in
principle observable in
physical BEC.

counterflow (vn = 0) was studied by Berloff and Youd7 and a
contraction of vortex rings compatible with (3) was reported.
To study the influence of counterflow we prepared an initial
condition ψ = ψring × ψeq in the same way as above for the
vortex lattice. The temporal evolution of the (squared) vortex
length of a ring of initial radius R = 15ξ at temperature
T = 0.4Tλ , and vn = 0, 0.2, and 0.4 is displayed in Fig. 4(a).
7
Brachet
PRBcontraction
83, 132506
(2011)
The
Berloff-Youd
is apparent
in the absence of
counterflow (bottom curve). The temperature dependence of
the contraction, related to the α coefficient in Eq. (3), also
quantitatively agrees with their published results (data not
shown).
A dilatation of vortex rings is obtained [top curve in
Fig. 4(a)] when the counterflow vn is large enough. Such a

Anomalous vortex-ring velocities induced by
thermally excited Kelvin waves and counterflow
effects in superfluids
Giorgio Krstulovic and Marc

Standard counter-flow mutual-friction effects are
obtained and measured within the TGPE.
PHYSICAL REVIEW B 83, 132506 (2011)
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FIG. 2. (Color online) (a), (b) Density at t = 0, 100 of the lattice
configuration (red lines) with T = 0.4Tλ and vn = 0.4. Blue clouds
correspond to density fluctuations. (c) Positions (R% ,R⊥ ) of a single
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For superfluid vortices the standard dynamic equation
of the vortex line velocity vL is4

Simplest configuration

!!

W

vL = vsl + αs� × (vn − vsl ) − α� s� × [s� × (vn − vsl )], (69)

ρn line, v is the is
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� the �tangent
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of
the
vortex
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α=B
the local superfluid
is the sum of the am2ρ velocity that2ρ
bient superfluid velocity vs and the self-induced vortex
velocity ui and vn = w + vs is the normal velocity. The
constants α, α� depend on the temperature. The existence of the transverse force (related to the third term
of r.h.s. in Eq.69) has been subject of a large debate
in low-temperature community in the last part of the
90’s45–51 and the controversy is not still solved. Applied
v�
�
α z =and
to the present case, eq.(69) predicts v⊥ = −αw
w
�
�
v� = α wz . The value of the constant α , related to the
transverse force, depends on the normal density and the
scattering section. It can be expressed as
α =B
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Kelvin waves in vortex rings
C.F.
Barenghi, R. Hänninen and M. Tsubota
ANOMALOUS TRANSLATIONAL VELOCITY OF VORTEX…
PRE 74, 0464303 (2006)

•Kelvin waves induce

PHYSICAL REVIEW E 74, 046303 !2006"

anomalous translational
velocity.
•L

Kiknadze and Y Mamaladze, JLTP,126(1-2):
321–326, 2002.
•C. F Barenghi, R. Hanninen and M.Tsubota.
PRE, 74(4):046303, 2006

∆vL
A2 2
∼
n
FIG. 2. !Color online" Average translational2velocity of the voruiinitial oscillation
R amplitude A / R. Vetex ring as a function of the
FIG. 1. !Color online" Snapshots of the vortex ring of radius
R = 0.1 cm perturbed by N = 10 Kelvin waves of various amplitude
A taken during the motion of the vortex. In the left panel !a" the
amplitude of the Kelvin waves is small, A / R = 0.05, but the perturbed vortex ring !red color" already moves slower than the unperturbed vortex !blue color". In the center panel !b" the Kelvin waves
have large amplitude, A / R = 0.35, and the perturbed vortex ring
moves backwards !negative z direction" on average. The top right
panel !c" shows the top !xy" view of the large amplitude vortex at
t = 0 s !blue" and t = 26 s !red, outermost". For comparison, a nondisturbed vortex is shown with dashed line !green". The lower right
panel !d" gives the averaged location of the ring as a function of
time. From top to bottom the curves correspond to A / R
= 0.0, 0.05, 0.10, . . . , 0.35.

locity is scaled by the velocity of the unperturbed ring, vring. The
dash-dotted line corresponds to N = 20, solid line to N = 10, and the
dashed line to N = 6 in Eq. !6". Critical amplitudes, above which the
velocities become negative, are A / R = 0.085, 0.17, and 0.32,
respectively.

plitude, resulting an optimum value at some amplitude. For
N = 20 the optimum amplitude A % 0.25R resulting a downward velocity that is already slightly higher than the velocity
upwards of the unperturbed ring.
In addition to Kelvin waves, the translational velocity of
the vortex ring can be reduced by having an additional swirl
velocity along the vortex core. This was considered by Widnall, Bliss, and Zalay #21$. However, this effect does not
matter in our limit of thin-core vortices, which is relevant to
superfluids.
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•Equipartition of energy
between waves and
thermal bath

ing by the total number of waves NKelvin we obtain
Thermally
induced
kelvin
waves
following expression for the anomalous translationa
effectfect
stronger
than
due to thermally
exited mutual
Kelvin waves

friction!

ui − va
2kB T m
1
∆vL
≡
≈
ui
va
πρξ�2 log 8R
ξ −a
2

Kelvin
effect e
The temperature dependence
of thewaves
equipartition
mate (82) of the thermal slowdown is plotted on Fig
(top straight line). The data obtained form the meas
ments of the rings velocity in the TGPE runs is in v
good agreement with the estimate (82).
As discussed in3,13 the TGPE gives a good appr
Mutual friction effect
mation of Bose-Einstein condensate (BEC) only for
modes with high occupation number. In this sprit qu
tum eﬀects on the Kelvin waves oscillations must als
taken into account to obtain the total slowing down eﬀ
in a BEC. The TGPE estimation (82) can be adapte

We now concentrate on the measurement of R% for which
the present configuration is best suited. R% has a linear behavior
that allows direct measurement of the parallel velocity v% . The

(L/ξ)
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Main result
Vortex rings are
decelerated by
thermal fluctuations
of Kelvin waves.

(c)

These fluctuations, generic
in finite-temperature
FIG. 3. (Color online) (a) Temporal evolution of the (squared)
superfluids, produce an
length of a vortex ring at different values of counterflow v
(temperature T = 0.4T and initial radius R = 15ξ ). (b), (c) 3D
experimentally testable
visualization of the vortex ring (R = 20ξ ) and density fluctuations
at t = 18, 19, with T = 0.4T and resolution 64 . As in Fig. 2, the
vortex rings are red loops and the blue clouds correspond to density effect that dominates the
fluctuations. Thermally excited Kelvin waves are apparent.
standard effects at low
506-2
temperatures.
n

λ

λ
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Michele Sciacca
The one-fluid model of helium II based on
Extended Irreversible Thermodynamics

(see slides)

Sergey Nemirovskii
Dynamics of Single Lines vs. Kinetics of Many
Loops

(see sildes)

KS vs. LNR

• email exchange
• Kozik’s slides
• Victor L’vov

email exchange

email exchange not
really conclusive...
From Svistunov
************

The L'vov-Nazarenko Effect (in a thought experiment) ************

Take a vortex line of the form

y(x) = A \cos (kx),

with A = 0.1 parsec ,

z=0 ,

k = 1 parsec^{-1} ; the temperature being zero.

Observation: For all practical purposes, the line does not evolve in time.

On the line, create two counter-propagating Kelvin wave packets of the size 1cm each,
separated by a distance 3cm from each other, with a typical wavelength of 1mm.

Now attention: The theory by L'vov and Nazarenko predicts that the scattering rate of
the two wave packets on each other will scale with

|y'(x)| = - Ak |\sin (kx) | \sim 1 ,

that is will be strongly sensitive to the spatial orientation
of the essentially straight (at the parsec scale !) element of the line.

LNE is a model which makes additional steps with respect to the object of our controversy, the asymptotics of the 6wave vertex, where the matter is very straightforward - who has made a mathematical mistake? Victor will write to
you about it, but for now I will answer your questions about LNE, just to conclude this discussion.
Best,
Sergey
Q1. Do you find the formulation of the initial condition (not the
outcome!) of my
thought experiment free of ambiguities?

Answer from
Nazarenko

Yes ___

No _V__

AMPLITUDE OF THE SHORT KW'S IS NOT SPECIFIED. HOWEVER, TO ANSWER THE OTHER 2 QUESTIONS I
WILL ASSUME THAT THE AMPLITUDE IS SUCH THAT THE CHARACTERISTIC NONLINEAR LENGTHSCALE IS
MUCH LESS THAN 1PC.

--------------------------------------------------------------------------------------------------------------------------Q2. Is your Local Nonlinear Model applicable to predict the result for
the evolution of the
wave packets in my thought experiment in the case when the reference
axis is the x-axis?
Yes ___

No __V_

I ASSUME HERE THAT LNE HAS THE SAME BOUNDS OF APPLICABILITY AS THE KINETIC EQUATION
(BEYOND THAT WE DO NOT KNOW), AND THE KE DOES NOT DESCRIBE THE PC-SCALE EVOLUTION. SO,
THE FRAME SHOULD BE SUCH THAT THE MEAN DEVIATION OF THE RELEVANT SCALES IS 0, I.E. THE
LOCAL FRAME IN YOUR EXAMPLE.

--------------------------------------------------------------------------------------------------------------------------Q3. Is your Local Nonlinear Model applicable to predict the result for
the evolution of the
wave packets in my thought experiment in the case when the reference
axis
is tangential to the curve y(x) at the point x_0?
Yes _V__

No ___

BUT IT WOULD SAY NOTHING ABOUT THE INCLINATION OF THIS FRAME.

Our calculation was done by two independent people, Olexii and
Jason, who were kept from looking at each others codes. Victor
and I have thouroughly checked every step. I cannot exclude a
mistake, but my estimate would be 99% that our result is correct.
The remaining 1% is important, however, this is why we would be
delighted if you repeated and checked the calculation, instead of
persisting with the dodgy handwaving.
Now, we have done a lot of exchanges on your strange thought
experiment, while you completely and repeatedly ignored my
questions. And my answers too!! I am sure people have stoped
reading all this, so I will not waste my time no more, and this is the
last reply on your example. I will only write again when you present
your maths.

Your Hamiltonian on the table please!

Kozik’s slides
To facilitate the discussion, we "put the
Hamiltonian on the table", as suggested
by Sergey, in its most accessible form of
a direct numerical simulation.
This should be a good starting point to
get more people involved into the
discussion.

Victor L’vov
J Low Temp Phys (2010) 161: 606–610
DOI 10.1007/s10909-010-0240-1

Reply: On Role of Symmetries in Kelvin Wave
Turbulence
V.V. Lebedev · V.S. L’vov · S.V. Nazarenko
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Abstract In the Ref. (Lebedev and L’vov in J. Low Temp. Phys. 161, 2010,
doi:10.1007/s10909-010-0215-2), this issue, two of us (VVL and VSL) considered
symmetry restriction on the interaction coefficients of Kelvin waves and demonstrated that linear in small wave vector asymptotic, obtained analytically, is not
forbidden, as Kosik and Svistunov (KS) expect by naive reasoning. Here we discuss this problem in additional details and show that theoretical objections by
KS, presented in Ref. (Kozik and Svistunov in J. Low Temp. Phys. 161, 2010,
doi:10.1007/s10909-010-0242-z), this issue, are irrelevant and their recent numerical
simulation, presented in Ref. (Kozik and Svistunov in arXiv:1007.4927v1, 2010) is
hardly convincing. There is neither proof of locality nor any refutation of the possibility of linear asymptotic of interaction vertices in the KS texts, Refs. (Kozik
and Svistunov in J. Low Temp. Phys. 161, 2010, doi:10.1007/s10909-010-0242-z;
arXiv:1006.0506v1, 2010). Therefore we can state again that we have no reason
to doubt in this asymptote, that results in the L’vov–Nazarenko energy spectrum of
Kelvin waves.

Thank you for choosing
the best discussion!
(Etihad slogan...)

