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Vadim L'vovich Berezinskii, a talented theoretical
physicist, died on June 23, 1980 after a long difficult
illness.

V. L. Berezinskii was born on July 15, 1935, in Kiev.
Having graduated in 1959 from the Physics Department
at Moscow State University, and then completing
graduate work at MIFI, he was directed in 1963 to work
at the Moscow Textile Institute. Starting in 1968, he
worked in the Scientific Research Institute for Heat
Instrumentation, and in 1977, he tranferred to the
L. D. Landau Institute of Theoretical Physics at the
Academy of Sciences of the USSR.

V. L. Berezinskii had a wide range of interests:
from problems in hydrodynamics and solid state
physics to problems in elementary particle physics and
gravitation. He was one of those few people who
tackled difficult problems and solved them. His talent
was revealed most clearly and fully when he encoun-
tered problems in which a clear physical statement of
the problem required at the same time overcoming
considerable mathematical difficulties. For such
problems, he was unique. Here, together with his
talent as a theoretical physicist, his endowments,
which allowed everyone around him to see in him an
outstanding mathematician, were revealed.

For the few years that were given to him by fate,
he had time to accomplish much. His name will always
remain in the world physics literature primarily in
connection with the solution of two fundamental prob-
lems: theory of phase transitions in two-dimensional
systems and theory of localization in disordered one-
dimensional conductors.

Recently, a large number of two-dimensional systems
has been discovered experimentally. These include
He4 films and smectic liquid crystals, submonoatomic
layers, adsorbed on crystal surfaces, layered mag-
netic substances, dichalcogenides of transition metals,
and others. Interest in these systems is to a large
extent explained by the many unusual physical proper-
ties of such systems, predicted by V. L. Berezinskii.
In the past, it was known that long-range order in such
systems is destroyed by thermal fluctuations at any
temperature. V. L. Berezinskii first showed that, in
spite of this, a thin (of the order of several angstroms)
film of liquid helium at low temperatures has the
property of superfluidity. Two-dimensional crystals,
which do not have long-range order, have a finite shear
modulus. Two-dimensional magnetic substances show
a resistance to a nonuniform rotation of spins. V. L.
Berezinskii understood the general nature of all these
phenomena and called them transverse rigidity, which
is now adopted in world literature. He showed that in
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systems having transverse rigidity correlations drop
off slowly (as a power law) with temperature, which is
what determines the fundamental properties of the new
low-temperature phase, Berezinskii's phase.

V. L. Berezinskii first discovered the important role
of topological defects in this phase: vortices in a film
of superfluid He4, dislocations in a two-dimensional
crystal, and vortical configurations in magnetic sub-
stances. At low temperatures, such defects form
molecules. At some definite temperature, these mole-
cules begin to dissociate, leading to destruction of
Berezinskii's phase. A quantitative calculation of the
dissociation of defect molecules was carried out two
years later in other papers. An experiment on a film
of He4 brilliantly confirmed the predictions of the the -
ory.

V. L. Berezinskii's ideas were fruitful in many areas.
His ideas on topological defects, which gave rise to
many interesting applications both in the physics of the
condensed state as well as in elementary particle
physics, gave rise to special interest.

The last decade was marked by an increased interest
in problems of electron transport in linear organic con-
ductors. In this connection, it was necessary to de-
termine the extent of the validity of the qualitative
arguments of Mott and Twose (1961), predicting that in
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Topological	phase	transiCons:		
Not	in	the	usual	Landau	classificaCon,	i.e.,	no	breaking	of	a	«	standard	»	symmetry

BKT	transiCon	with	dilute	Bose	gases

In	spite	of	Mermin-Wagner	theorem,	a	phase	transiCon	can	
occur	at																between	a	normal	and	a	superfluid	stateT 6= 0

1971-73:
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BKT	transiCon	with	dilute	Bose	gases

G1(r) = h †(r) (0)i ! 0Feature	1:	The	decay	of	the	one-body	correla5on	func5on

Infinite	order	phase	transiCon	between	two	different	disordered	phases
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G1(r) / 1/r↵ G1(r) / e�r/`

↵ = 1/⇢s�
2

⇢s : superfluid	density

The	two	phases	correspond	to	a	different	decay	of	G1(r) = h †(r) (0)i ! 0
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BKT	transiCon	with	dilute	Bose	gases

Feature	2:	Classical	field	analysis	and	scale	invariance

DescripCon	of	the	state	of	the	gas	by	a	classical	field  (r)

InteracCon	between	atoms	represented	by	a	contact	potenCal V (r) =
~2
m

g̃ �(2)(r)

`z
g̃ / a(3D)

s

`z
Dimensionless	parameter	
Typically	 g̃ ⇠ 0.1� 0.3

Energy	funcConal:	E[ ] =
~2
2m
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Z
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Scale	invariance	for	a	weakly	interacCng	2D	Bose	gas:		
Thermodynamic	funcCons	depend	only	on								and	the	raCog̃

µ

kBT



Feature	3	:	The	``universal	jump’’

Temperature	
0 Tc

Superfluid	state Normal	state

Infinite	order	transiCon:	All	thermodynamic	funcCons	(Pressure,	density,	entropy)	
are	conCnuous	at	the	transiCon	point	but	the	superfluid	density	is	disconCnuous!		

⇢s = 0⇢s�
2 > 4

Universal	jump																											at	the	transiCon:	Independent	of	interacCon	strength�(⇢s�
2) = 4
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Data from a classical field simulation  
by Prokof’ev  & Svistunov

g̃ = 0.1 at	Tc(-):																			for		⇢s ⇡ ⇢n g̃ ⇠ 0.1

g̃ : dimensionless	parameter	describing		
the	interacCon	strength	in	2D

BKT	transiCon	with	dilute	Bose	gases
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Experiments	on	BKT	physics	with	atomic	or	polariton	gases

Existence	of	a	cri5cal	point
Rapid	change	of																																											or	the	momentum	distribuConG1(r) = h †(r) (0)i

Boulder, NIST-Gaithersburg, MIT, Chicago, Cambridge, Palaiseau, Paris

Observa5on	of	vor5ces Boulder, Seoul, Amherst, Paris

Superfluid	behavior Hamburg, Seoul, Villetaneuse, Paris

Evidence	for	algebraic	decay	G1(r) / 1/r↵

Measured	α’s	are	oben	larger	than	the	theoreCcal	upper	bound	(αmax=1/4)
NIST-Gaithersburg, Heidelberg, Seoul, Tokyo-Stanford, Paris

Scale	invariance	and	universality Chicago, Paris

Influence	of	disorder Palaiseau
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1.	Fric5on-less	mo5on	of	an	impurity

�(⇢s�
2) = 4

Outline	of	this	talk

Explore	the	vicinity	of	the	criCcal	point	and	the	possible	observaCon	of		
the	universal	jump

2.	Sound	propaga5on	in	the	fluid

CollaboraCon	with		Vijay	Pal	Singh	and	Ludwig	Mathey	(Hamburg)



TesCng	superfluidity	with	atomic	gases

Impurity:	focused	laser	beam	that	repels	the	atoms

LASER

Does	a	moving	impurity	“heat”	the	sample?	

(3D version implemented much earlier at MIT)

8

Rb	quasi2D	gas	in	a	harmonic	trap:	Central	superfluid	core,	outer	normal	region



TesCng	superfluidity	with	atomic	gases

LASER

For	given	µ,T,	we	sCr	for	200	ms,	wait	for	100	ms	for	
thermalizaCon	and	measure	the	increase	of	temperature

R. Desbuquois, L. Chomaz,  
T. Yefsah, J. Leonard,  

J. Beugnon, C. Weitenberg,  
J. Dalibard 

Nature Physics 8, 645
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Related experiments in Seoul  

and in Hamburg  
Shin and Moritz groups 

SCrring	in	the	superfluid	core:	
non-zero	criCcal	velocity



The	criCcal	velocity	in	2D

critical	velocity

cs	:	sound	velocity

CriCcal	velocity	measured	for	various	

NORMAL SUPERFLUID

How	to	explain	the	observed	criCcal	velocity	in	the	superfluid	regime?

Why	is	there	a	small	shib	in	the	posiCon	of	the	criCcal	point?

R. Desbuquois et al. 
Nature Physics 8, 645
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Classical	field	analysis	of	the	sCrring	(1)

 V. P. Singh, C. Weitenberg, J. Dalibard, L. Mathey, Phys. Rev. A 95, 043631 (2017)

CreaCon	of	pairs	of	vorCces	in	the	wake	of	the	impurity:		
										Explain	the	measured	value	of	vc	(notably	below	the	speed	of	sound)
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Classical	field	analysis	of	the	sCrring	(2)

 V. P. Singh, C. Weitenberg, J. Dalibard, L. Mathey Phys. Rev. A 95, 043631 (2017)

The	transfer	of	energy	between	the		
external	normal	region	and	the	central		
superfluid	region	is	very	slow	(at	least		
2	seconds)

For	technical	reasons,	experimental		
measurements	were	taken	aber	a		
thermalizaCon	Cme		of	only	0.1	s.	

0.1	s 0.5	s 1.5	s 2.5	s
varying the thermalization time

0.40.20
0

0.5

1.0

Theory	with	full	thermalizaCon
Theory	with	thermalizaCon	of	0.1	s

NORMAL SUPERFLUID

Exp.
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1.	Fric5on-less	mo5on	of	an	impurity

Summary	of	the	first	part

The	experiment	reveals	the	existence		
of	the	superfluid	transiCon

The	criCcal	velocity	in	the	superfluid	regime	
is	well	accounted	for	by	a	classical	field	analysis	
as	well	as	the	posiCon	of	the	transiCon	point	

NORMAL SUPERFLUID

Inspired	by	Tomoki	Ozawa	and	Sandro	Stringari,		
many	discussions	with	the	Trento	group	and	N.	Proukakis

2.	(Second)	sound	propaga5on	in	the	fluid

Not	yet	published	data:	J.-L.	Ville,	R.	Saint-Jalm,	M.	Aidelsburger,		
E.	LeCerf,	M.	Villiers,	S.	Nascimbene,	J.	Beugnon,	J.	Dalibard
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Sound	in	a	superfluid

PropagaCon	of	a	weak	perturbaCon	with	a	wavelength	much	larger		
than	the	mean-free	path	of	elementary	excitaCons	

Landau	approach	based	on	the	two-fluid	model
⇢ = ⇢s + ⇢n
j = ⇢svs + ⇢nvn

Superfluid	hydrodynamics	leading	to	two	wave	equaCons

@2⇢

@t2
= r2P

@2s̃

@t2
=

⇢s
⇢n

s̃2 r2T
s̃ :

P : pressure

entropy/unit	mass

Bi-square	equaCon	for	the	speed	of	sound:	 c4 � ↵c2 + � = 0

↵,� : funcCons	of														and	of	thermodynamic	quanCCes⇢s/⇢n
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First	and	second	sound	in	a	dilute	2D	Bose	gas

Ozawa & Stringari, PRL 112 025302 (2014) c0 :	Bogoliubov	speed

Superfluid	region:	1st	and	2nd	sound

2nd	sound:	superfluid	is	moving,		
normal	part	pracCcally	at	rest	

1st	sound:	oscillaCon	involving	
mainly	the	normal	component

1st sound

2nd sound

Remark	1:	Both	velociCes	jump	at	Tc	reflecCng	the	jump	of	the	superfluid	density	

Remark	2:	Only	2nd	sound	is	excited	by	a	density	perturbaCon	in	the	SF	region

Dashed:	predicCon	from	Bogoliubov	modes
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Our	experimental	scheme
L	
=4
0	
to
		6
0	
µ
m

Rb	gas	strongly	confined	along	z			(																										)
Rectangle	box	potenCal	in	the	xy	plane	(image	of	a	mask)	

Modulated	optically	
the	atomic	density	

for	a	short	time	(20ms)	
on	the	upper	side

Density	modulation	
right	after	excitation

Multiple	bounces	of	the	wave-packet	

Precise	determination	of		
the	sound	velocity	via		

the	center-of-mass	oscillation

Time	of	propagation	(ms)
0 100 300200

⌫z = 4.6 kHz

Lowest	mode,	wavelength � = 2L

Similar experiment in a 3D Fermi gas 
at MIT: M. Zwierlein’s talk
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Sound	velocity	measurements

ObservaCon	of	the	second	sound	in		
a	2D	superfluid!

No	evidence	for	1st	sound	(as	expected)c

c0

• Good	agreement	with	theory

• By	contrast	to	3D,	the	2nd	sound	
velocity	does	not	tend	to	0	at	Tc

c0 : Expected	Bogoliubov	speed	for	the	measured	density
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c

c0

Above	Tc,	we	do	not	recover	the		
predicCon	for	the	first	sound

In	the	normal	region,	the	mean-free		
path	is	comparable	to	the	size	of	the	box	

The	thermal	gas	is	not	in		
the	hydrodynamic	regime

Sound	velocity	measurements	(2)

Also	the	sound	wave	is	strongly	damped	in	the	thermal	regime:
Damping	over	a	propaga@on	length	comparable	to	the	wavelength	of	the	phonon
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Classical	field	simulaCons
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Again	an	excellent	agreement	with	experimental	data	in	this	parameter	regime
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Summary

Existence	of	a	2nd	sound	that	connects	to	Bogoliubov	
sound	at	T=0	and	survive	up	to	the	criCcal	point	

T

Tc

c

c0
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Fric5onless	mo5on	of	an	«	impurity	»

Reveals	the	superfluid	transiCon	at	the	posiCon		
and	the	criCcal	velocity	predicted	by	BKT	theory,	
once	subtleCes	in	thermalizaCon	processes	are		
taken	into	account

Long	wavelength	excita5ons	and	sound	propaga5on	

In	the	thermal	regime,	the	small	collision	rate	makes	
it	difficult	to	reach	the	hydrodynamic	regime:	

mean	free	path				<<				largest	possible	phononwavelength									box	size	⇡
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The	LKB-College	de	France	team

+ Edouard	LeCerf	
+ Marius	Villiers

From	le3	to	right:	

Sylvain	Nascimbène	
Jean-Loup	Ville	
Monika	Aidelsburger	
Raphaël	Saint-Jalm	
Jérôme	Beugnon	
Jean	Dalibard	

Interns:


