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Invitation

Dear IAMP Members,

according to Part I of the By-Laws we announce a meeting of the IAMP General
Assembly. It will convene on Monday August 3 in the Meridian Hall of the Clarion
Congress Hotel in Prague opening at 8pm.

The agenda:

1) President report

2) Treasurer report

3) The ICMP 2012
a) Presentation of the bids
b) Discussion and informal vote

4) General discussion

It is important for our Association that you attend and take active part in the
meeting. We are looking forward to seeing you there.

With best wishes,

Pavel Exner, President
Jan Philip Solovej, Secretary
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Code of Practice of the EMS

About the Code of Practice of the European Mathematical

Society

by Arne Jensen (Aalborg, Denmark; Chair, Ethics Committee)

Arne Jensen got his Ph.D. from University of Aarhus in 1979.
He has been a professor of mathematics at Aalborg University, Den-
mark, since 1988. He served as acting director of the Mittag-Leffler
Institute from 1993 to the beginning of 1995. In 2000-01 he was
visiting professor at the University of Tokyo. His research interests
are spectral and scattering theory for Schrödinger operators.

The Executive Committee of the European Mathematical
Society (EMS) created an Ethics Committee in the Spring of
2010. The first task of the Committee was to prepare a Code of
Practice. This task was completed during the Spring of 2012.
The Code was approved by the Executive Committee at the end
of October and went into effect on 1 November 2012.

The Code of Practice

The Code is available on the EMS web site (see below). It establishes a set of standards
to be followed by European mathematicians in their research and professional life, and
by editors and publishers of mathematics.

The Code covers the publication and dissemination of mathematical research. The
topics covered are:

Responsibilities of authors
Responsibilities of publishers and editors
Responsibilities of referees
Responsibilities of users of bibliometric data.

The Code describes good practice and ethical behaviour in the publication, dissemination,
and assessment of mathematical research, and also describes what is considered to be
misconduct or unethical behaviour in these areas.

Concerning authors, it is good practice to give proper credit and to give appropriate
bibliographical references to the contributions of others. In recent years plagiarism has
become more widespread in the mathematical sciences. Plagiarism is certainly unethical.

Concerning publishers, it is good practice that they establish and conspicuously
present their standards for ethical behaviour in publishing, and specify the steps to be
taken to investigate and respond to suspicions or accusations of misconduct.

Concerning editors, they should avoid conflicts of interest, for example by handling
their own papers, or those of colleagues, students, or acquaintances. If the editors become
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convinced that parts of a work that they have published have been plagiarised from
another source, then they should ask the authors to submit a substantial retraction; if
this is not forthcoming, they should themselves publish a statement giving details of the
plagiarism involved.

Concerning referees, they should avoid professional or personal conflicts of interest.
Any case of a possible conflict of interest should be discussed with the editor and the
referee can continue to act only with the agreement of the editor. Referees should not
use privileged information obtained from a manuscript under review.

Concerning bibliometric data, the users should be aware of the provenance of the data
and should use them with sufficient care, understanding the reliability or lack thereof of
such data. Authors, editors, and publishers should not seek to artificially influence the
bibliometric data, impact factors, and citation counts that are generated.

Procedures

As part of the Code, procedures have been established for the consideration of individual
cases brought to the attention of the Committee.

Cases can be submitted to the Committee by persons involved in claims of unethi-
cal behaviour, as described in the Code. The Committee will not consider third party
submissions. Before submission the complainant should have sought to address the is-
sues involved, and in the case of published works, should have utilised the procedures
established by the publishers for handling unethical behaviour.

Once the Committee has decided to accept a case, it will seek to discover the underly-
ing facts. The Committee will seek to mediate, and if that fails, it may establish a formal
finding. This will be communicated to the President of the EMS, who will then decide
how to proceed.

Conclusion

Enforcement of the Code can only be through moral power, by discouraging the unethical
behaviour.

The above description is of necessity incomplete. If you are interested in learning
more about the Code including the Procedures, please consult the document on the EMS
web page.

This Code is seen as a ‘first attempt’. Revision of the Code will be considered in a
few years.

Comments on the Code can be sent to the Chairman of the Committee, Professor
Arne Jensen.

Reference to the Code of Practice

http://www.euro-math-soc.eu/system/files/COP-approved.pdf

4 IAMP News Bulletin, January 2013

matarne@math.aau.dk
matarne@math.aau.dk
http://www.euro-math-soc.eu/system/files/COP-approved.pdf


Code of Practice of the EMS

Supplementary material

Members of the Ethics Committee, 2010-2013

Chairman: Arne Jensen (Aalborg Universitet, Denmark)
Vice-Chairman: H. Garth Dales (University of Lancaster, UK)
Executive Committee representative: Igor Krichever (Columbia University, New York,
USA) (to be replaced by Franco Brezzi, Istituto Universitario de Studi Superiori, Pavia,
Italy, on 1 January 2013)

Jean-Paul Allouche (CNRS and Université Pierre et Marie Curie, France)
Graziano Gentili (Università di Firenze, Italy)
Radu Gologan (Academia Romana de Stiinte, Bucuresti, Romania)
Christine Jacob (Institut National de la Recherche Agronomique, Jouy-en- Josas, France)
Adolfo Quirós (Universidad Autónoma de Madrid, Spain)
Tomaž Pisanski (Univerza v Ljubljani, Slovenia)
Tatiana Shaposhnikova (Linköpings Universitet, Sweden)

Remit

The Ethics Committee will focus on unethical behaviour in mathematical publications.
This includes, for example, plagiarism, duplicate publication, inadequate citations, in-
flated self-citations, dishonest refereeing, and other violations of the professional code.
The Committee will be responsible for the following three tasks:

1. To raise the awareness of the problem by preparing a code of practice.

2. To encourage journals and publishers to respond to allegations of unethical be-
haviour in a conscientious way.

3. To provide a mechanism whereby researchers can ask the Committee to help them
pursue claims of unethical behaviour.

The Committee may take up any other relevant questions related to ethics in connection
with its work.

Editorial Remark. This text comes from an article to be published in the Newsletter
of the European Mathematical Society. It is included here to raise awareness of the ethical
issues in publishing. Much earlier the American Mathematical Society established a Code
of Ethics ( http://www.ams.org/about-us/governance/policy-statements/sec-ethics),
with Elliott Lieb one of the driving forces. Other organizations have also established
ethical guidelines.
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The Kardar-Parisi-Zhang Equation and Universality Class

by Ivan Corwin (MIT)

Ivan Corwin graduated Magna Cum Laude in Mathematics from
Harvard University in 2006. He worked from 2006-2007 at Elling-
ton Capital Management, a hedge fund. In fall 2007 he entered
the Courant Institute and under advisement of Gérard Ben Arous
completed his Ph.D. in 2011 with a thesis entitled “The Kardar-
Parisi-Zhang equation and universality class”. In 2011 he received
the Schramm Memorial Fellowship and spent 2011-2012 as a post-
doctoral fellow at Microsoft Research New England. In 2012 he
received the Clay Research Fellowship and is presently a researcher
at the Massachusetts Institute of Technology. At the 2012 Inter-
national Congress on Mathematical Physics in Aalborg Denmark
he received one of three International Union of Pure and Applied
Physics Young Scientist awards.

Introduction

Since its discovery two hundred years ago the Gaussian distribution has come to repre-
sent one of mathematics greatest societal and scientific contributions – a robust theory
explaining and analyzing much of the randomness inherent in the world. Physical and
mathematical systems accurately described in terms of Gaussian statistics are said to
be in the Gaussian universality class. This class, however, is not all encompassing. For
example, classical extreme value statistics or Poisson statistics better capture the ran-
domness and severity of events ranging from natural disasters to emergency room visits.

More recently, significant research efforts have been focused on understanding sys-
tems which are not well-described in terms of any of the classically developed statistical
universality classes. The failure of these systems to conform with classical descriptions
is generally due to a non-linear relationship between natural observables and underlying
sources of random inputs and noise. A variety of models for such complex systems have
been actively studied for over forty years in both mathematics and physics.

Just as in the study of Gaussian systems, there are two problems which are of central
importance in the study of these systems: (1) Universality of the scalings, statistics and
limit objects, and (2) solvability and integrability which enables exact formulas and com-
putations for quantities associated with these systems. These two complementary goals
are behind significant amounts of on-going research within probability, mathematical
physics and related fields.

Random growth interfaces, interacting particle systems and directed polymers in ran-
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dom media (in one space and one time dimension) are three types of systems which have
been extensively studied within mathematics and physics, (see the reviews and books
[3, 10, 22, 23, 30, 32, 33, 35, 38, 40, 43, 52, 51, 11]). In all three of these types of models
there are certain observables of interest (such as height functions, particle currents, or
free energy, respectively) which have random fluctuations that have been shown, through
experimental evidence, numerical simulations and in some cases mathematical proof, to
grow as a characteristic power law in the system’s size or time. In the case of the classi-
cal central limit theorem this power law would have an exponent of 1/2 and the limiting
distribution for the scaled fluctuations would be Gaussian. This, however, is not the case
here. Surprisingly for all of the above listed models the observables of interest fluctuate
with a scaling exponent of 1/3 and display the same set of non-Gaussian limiting distri-
butions. That is to say that they form a new universality class – the Kardar-Parisi-Zhang
(KPZ) universality class. Underlying the KPZ universality class is a continuum object – a
non-linear stochastic partial differential equation (SPDE) – known as the KPZ equation.

Growth processes

Let us briefly illustrate the difference between the Gaussian and KPZ universality classes.
All of the models considered here are 1 + 1 dimensional, meaning that there is one space
and one time dimension. In the context of growth models this means that the growing
interface is given by a rough curve (as opposed to a surface – a problem of great interest
but few predictions and even fewer results).

The random deposition growth model involves square blocks being stacked in columns
(indexed by Z). Growth is driven by independent Poisson processes (one for each column)
of blocks falling from above and accumulating on top of the growing stacks of blocks. Due
to the independence, each column evolves independently (i.e., with no spatial correlation)
while the height at time t fluctuates like t1/2 and is governed by the Gaussian distribution
(due to the classical central limit theorem).

The ballistic deposition growth model (shown in Figure 1) involves the same indepen-
dent process of blocks falling in each column, however a block sticks to the first block it
touches. So if a block falls in column x but the height of column x+ 1 is larger than that
of column x, the block will stick to the side of column x + 1 and the height of column
x will suddenly jump to equal that of x + 1. This important modification breaks the
independence of the column heights and importantly introduces spatial correlation. The
salient features of this model (and all growth models in the KPZ universality class) are
threefold:

1. Smoothing: Deep holes are rapidly filled to smooth the interface.

2. Rotationally invariant, slope dependent, growth speed: The larger the ab-
solute value of the slope, the larger the height tends to increase.

3. Space-time uncorrelated noise: The blocks fall spatially and temporally inde-
pendently.
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↓ Poisson process of falling blocks

x

↓ ↓ ↓

Figure 1: Ballistic deposition model. Growth occurs when blocks stick to first point of
contact (denoted in orange).

Based on these three features it is predicted that in time t the column height will fluctuate
around its mean like t1/3 and that the correlation of these fluctuations will be non-trivial
on a spatial scale of t2/3 (in sharp contrast to random deposition). This prediction has
not been proved. However, in the case of the corner growth model (see Figure 2) these
predictions have been proved [26, 49]. Let us describe where these predictions come from.

Kardar, Parisi and Zhang’s prediction

The KPZ universality class was introduced in the context of studying the motion of grow-
ing interfaces in a 1986 paper of Kardar, Parisi and Zhang [29] which has since been cited
thousands of times in both the mathematics and physics literature. Employing Forster,
Nelson and Stephen’s [18] 1977 dynamical renormalization group techniques (highly non-
rigorous from a mathematical perspective), [29] predicted that scaling exponents of 1/3
and 2/3 should describe the fluctuations and correlations for a large class of models which
show the three aforementioned characteristics. Moreover, the class should be stable under
varying model parameters such as underlying probability distributions or local rules.

These exponents had first been identified in 1977 by [18] in the study of the stochastic
Burgers equation (stochastic space-time noise, not initial data as studied in [8]). In 1985
the model of a directed polymer in random media was first formulated in [24] and in the
same year the scaling exponents for the driven lattice gas (the asymmetric simple exclu-
sion process) were discovered by [4]. The connections between polymers and lattice gases
were understood quickly [28, 25]. The big step of Kardar, Parisi and Zhang was therefore
to relate these models and calculations to interface motion in arbitrary dimensions. This
both broadened the universality class of models which shared characteristic exponents as
well as provided obvious physical realizations of the universality class. Their observations
caught the imagination of many and the paper deserves the full credit of having triggered
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Figure 2: The corner growth model with growth rate q, death rate p and total asymmetry
q − p = γ > 0.

a large number of investigations. Examples of physical phenomena modeled by the KPZ
class include turbulent liquid crystals [53, 54], crystal growth on a thin film [59], facet
boundaries [14], bacteria colony growth [60, 45], paper wetting [36], crack formation [17],
and burning fronts [41, 39, 42].

The scaling exponent predictions of [29] were based on studying a continuum stochas-
tically growing height function H (T,X) given in term of a stochastic PDE (ill-posed
however) which is now known as the KPZ equation. The time derivative of the height
function depends on three factors (the same as highlighted for the ballistic deposition
model): smoothing (the Laplacian), rotationally invariant, slope dependent, growth speed
(the square of the gradient), noise (space-time white noise).

∂TH = 1
2
∂2XH + 1

2
(∂XH )2 + Ẇ .

Here Ẇ is space-time white noise and the coefficients on each term on the right-hand side
can be replaced by general non-zero parameters ν, λ,D via rescaling. For a particular
growth model one can often guess these parameters directly from the microscopic dynam-
ics. When one of these parameters is computed to be zero, this is indicative of the growth
model not being in the KPZ class (for instance when ν = 0 this is the Edwards-Wilkinson
class).

It has been argued in the physics literature that the long time behavior of this equation
should be the same as that of a variety of physical systems as well as mathematical models
which share these three features – hence the belief in the wide universality of the KPZ
class. Besides universality of the scaling exponents, there quickly developed a belief that

IAMP News Bulletin, January 2013 9



Ivan Corwin

the asymptotic long time scaling limit probability distributions (also called amplitudes)
were universal (within certain geometry dependent subclasses).

In the years following [29] it became a very hot subject in the physics literature to
try to both demonstrate the scaling exponents as well as compute or estimate properties
of these universal scaling limit probability distributions. Many (mathematically non-
rigorous) approaches – both analytical and numerical – were employed to gather more
information about the KPZ universality class and its inhabitants. These included replica
methods, matrix models, field theory methods, saddle point equations, mode coupling
equations, perturbation theory, and Monte-Carlo simulations (see [22] for references and
examples of many of these approaches).

These early papers worked to establish in broad terms and via brute force numerical
methods, the full notation of KPZ universality. Most of these focused on flat geometries
(as it was easier to simulate) and calculated statistics for the height function fluctuations
for various models. Via Monte-Carlo methods the skew and kurtosis were approximated
in [21, 34] and in [31] a rough plot of the distribution function was given for both a growth
model and a polymer model (and they agreed).

Exact statistics breakthrough for the KPZ class

Still, an exact and analytic description of the statistics (probability distributions) asso-
ciated with the KPZ class went entirely unknown until, in the late 1990s, a group of
mathematicians determined the exact formula for the one-point statistics of the KPZ
class (in the wedge growth geometry corresponding to Figure 2). That seminal work of
Baik, Deift and Johansson [2, 26] dealt with two closely related discrete models (polynu-
clear, and corner growth) predicted to have the KPZ scaling. By using exact formulas
(arising from combinatorics and representation theory) and then by studying asymptotics
of the resulting expressions, [2, 26] were able to calculate the statistics of the one-point
fluctuations for these KPZ class models. Surprisingly these statistics had been discovered
in the early 90s by Tracy and Widom in the context of random matrix theory [55]. The
previous numerical work of the 1990s agreed with the values readily computed from the
exact formulas [48]. Experimental work has shown that the scalings and the statistics
for the KPZ class are excellent fits for certain physical phenomena. Of note is the recent
work of [53, 54] on liquid crystal growth (see also [59, 39, 42] for other experimental
evidence).

Even before the work of Baik, Deift and Johansson, the KPZ class and equation were
topics of interest in mathematics. However, after their work the field blossomed. In the
past ten years there has been a significant amount of refinement of the theory of the
KPZ universality class. For instance, it is now understood that while the 1/3 and 2/3
scaling exponents should occur for all models, the exact statistics of KPZ class models fall
into different subclasses based on the growth geometry, or initial / boundary data. The
long-time statistics have been written down explicitly for six of these subclasses which,
arguably are the most important phenomenalogically.
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Exact statistics breakthrough for the KPZ equation

One should be clear now that all of the mathematically rigorous results until recently
involving exact statistics have been for models which are believed to be in the KPZ
universality class, but not for the KPZ stochastic partial differential equation itself. In
fact, before 2010 very little was known of the exact statistics of the solution to the KPZ
equation itself.

One stumbling block is that the KPZ equation is mathematically ill-posed due to its
non-linearity (the function H is supposed to be locally Brownian and so it does not
make sense to square its derivative). However, this issue was essentially resolved in the
mid-1990s by Bertini-Giacomin [5] who provided a convincing interpretation for what it
means to solve the KPZ equation. First they formally defined the Hopf-Cole solution to
the KPZ equation as

H (T,X) := log Z (T,X)

where Z (T,X) satisfies the well-posed SHE (stochastic heat equation)

∂TZ = 1
2
∂2XZ + Z Ẇ ,

which can be shown to be almost surely everywhere positive (hence the logarithm exists)
[46]. They then proved that the discrete Hopf-Cole transform of the height function for
a certain KPZ class model (the corner growth model) converged weakly as a space-time
process to the solution to the stochastic heat equation. This convergence requires a special
sort of scaling which is called weakly asymmetric scaling. The work of [5] only applied to
the growth model started close to its stationary distribution. The interpretation of this
result, however, is strikingly clear – up to this odd transformation and scaling, the discrete
growth model converges to the KPZ equation. This Hopf-Cole interpretation had been
used previously (though without the justification provided by [5]) in the physics literature
for some time. Very recently M. Hairer [20] has provided a well-posedness theory for the
KPZ equation (on the torus) which coincides with the Hopf-Cole solution.

Since the KPZ equation is a fundamental mathematical / physical object, one would
hope to be able to write down and prove the exact probability distribution of its solution
and show that its long time limit is governed by the KPZ class scaling and statistics –
i.e., that the KPZ equation is in the KPZ universality class.

The breakthrough in this long-standing goal was achieved in the fall of 2009 (and
posted in spring 2010). Two groups (independently and in parallel) derived the exact
formula for the one-point statistics for the solution to the KPZ equation in a certain
geometry [1, 50]. In addition to a derivation, [1] provided the (non-trivial) mathematical
proof of the formula.

Theorem [1]. For any T > 0 and X ∈ R, the Hopf-Cole solution to KPZ with narrow
wedge initial data (given by H (T,X) = log Z (T,X) with initial data Z (0, X) = δX=0)
has the following probability distribution:

P(H (T,X) +
X2

2T
+
T

24
≤ s) = FT (s)
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where FT (s) does not depend on X and is given by

FT (s) =

∫
C

dµ

µ
e−µ det(I −K)L2(κ−1s,∞)

where κ = 2−1/3T 1/3, C is a contour positively oriented and going from +∞+ εi around
R+ to +∞− iε, and K is an operator given by its integral kernel

K(x, y) =

∫ ∞
−∞

µ

µ− e−κt
Ai(x+ t)Ai(y + t)dt.

Given this explicit formula, it is then a relatively easy corollary to show that as T goes to
infinity, under T 1/3 scaling, the statistics of the KPZ equation converge to those of Baik,
Deift and Johansson (the Tracy-Widom FGUE distribution) – thus the KPZ equation is
in the KPZ universality class! The short time (T goes to zero) statistics scale like T 1/4

and converge to those of the EW (Edwards Wilkinson) class [16] – which is governed by
the additive stochastic heat equation and hence has a Gaussian one-point distribution.
This shows, in fact, that the KPZ equation actually represents a mechanism for crossing
over between two universality classes – the KPZ class in long-time and the EW (Edwards
Wilkinson) class in short-time.

Corollary. The Hopf-Cole solution to the KPZ equation with narrow wedge initial data
has the following long-time and short-time asymptotics:

FT (2−1/3T 1/3s)
T→∞−→ FGUE(s) FT (2−1/2π1/4T 1/4(s− log

√
2πT ))

T→0−→ G(s).

Further developments: Integrable probability in the KPZ universality class

There have been a number of developments surrounding the properties of and source
of exact solvability for the statistics of the KPZ equation. We briefly note them, with
some relevant references. (1) Tracy and Widom’s analysis of ASEP (via Bethe ansatz)
[56, 57, 58]; (2) Borodin and Corwin’s Macdonald processes [6]; (3) Dotsenko / Cal-
abrese, Le Dooussal and Rosso’s (mathematically non-rigorous) directed polymer replica
trick (via Bethe ansatz on the attractive delta Bose gas [37, 27]) [15, 9]; (4) Borodin,
Corwin and Sasamoto’s duality approach for ASEP and q-TASEP [7]; (5) O’Connell /
Corwin, O’Connell, Seppäläinen and Zygouras’ tropical Robinson-Schensted-Knuth corre-
spondence approach for directed polymers [47, 13]; (6) Corwin and Hammond’s Gibbsian
line ensemble approach [12].

While these various approaches show that the solvability of the KPZ equation is a
shadow of a deeper integrable structure, they do not say much regarding the universality of
the limiting statistics of the KPZ class. For this ultimate goal, other ideas and approaches
will likely be needed.
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1 The nonequilibrium challenge

Equilibrium statistical mechanics serves us well in at least two ways. First of all, it gives
us a microscopic understanding of the -extremely practical- laws of thermodynamics.
Secondly, it provides a theoretical framework for guessing and calculating important
quantities like heat capacities, phase diagrams, . . . mainly because it tells us that we can
model equilibrium states by Gibbs ensembles with only a handful of free parameters like
temperature or mean energy, chemical potential, . . . .

Hence, we should demand that nonequilibrium statistical mechanics gives us, first and
foremost, a thorough understanding of the laws of nonequilibrium thermodynamics, which
we define roughly as ‘phenomena involving the dynamics of systems with many degrees
of freedom’. To a large extent, we do not yet know these laws. For example, and despite
many proposals, we do not have good and simple principles to guide us in describing
molecular motors or evolving ecosystems. There are of course some exceptions to this
ignorance. Perhaps the most established of them is the theory of linear response which
deals with systems that are close to equilibrium. Its success and usefulness is largely
due to the fact that the main concepts, response coefficients, can be defined in terms of
equilibrium quantities via the fluctuation-dissipation theorem. Another exception, one
that has received a lot of attention recently, could be the theory of one-dimensional driven
interfaces, relat ed to the KPZ universality class.

Parallel to the quest for new laws, there is another challenge that I primarily want
to emphasize here: the mathematical understanding of linear response theory, including
thermalization, diffusion, friction, decoherence, . . .
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A central example of this challenge is the derivation from first principles of the heat
equation

∂tn(x, t) = D∆xn(x, t), t ∈ R, x ∈ R3 (1)

where n(x, t) ≥ 0 is the density at the space-time point (x, t) of a quantity satisfying a
local conservation law: matter, energy,. . . , and D > 0 is a diffusion constant. Whereas
the above equation describes a non-equilibrium system if n(x, t) is not independent of x,
the diffusion constant D can be defined in an equilibrium state 〈·〉eq by the Green-Kubo
formula

D =

∫ ∞
−∞

dt

∫
R3

dx 〈j(0, 0)j(x, t)〉eq, j(x, t) = local current at (x, t) (2)

which is an example of the above mentioned fluctuation-dissipation formula. It shares its
universal character with the laws of thermodynamics as the only free parameter in eq. (1)
is D. To pass from the microscopic world, governed by the Newton or Schrödinger equa-
tions of motion, to the macroscopic world where eq. (1) holds, one should at the very least
perform a rescaling of space and time, indeed, the equation (1), however fundamental, is
an emergent equation describing the effect of non-trivial interactions.

In fact, we could have started with a question that precedes the validity of eq. (1):
‘Does n(·, t) tend to become flat, i.e. constant in x, as t grows’, or in other words, ‘Is
there thermalization?’ The argument for this tendency relies on counting arguments, also
known as the ‘Second Law of Thermodynamics’, and in the quantum case also discussed
recently as ‘quantum typicality’: Given the initial values for total energy and number of
particles, the microscopic configurations corresponding to a flat n(·, t) are overwhelmingly
more numerous than others. Hence, if the dynamics is sufficiently ‘reasonable’, a nonflat
n(·, t) should evolve into the flat one.

Why is it that these questions remain so intruiging, even if the phenomena are well-
established physically? A first reason is that they might not be cso well-established as
it seems: Eq. (1) sometimes fails in dimensions d = 1, 2, where diffusion gives way to
superdiffusion and anomalous transport [18]. Thermalization was recently questioned in
the context of quantum quenches, and it is simply untrue in models exhibiting localization
[2], where the dynamics is not ‘reasonable’, and not ergodic.1 Second reason: There are
no solvable many-body toy models that exhibit diffusion, i.e. eq. (1) or thermalization.
We can understand black holes, superconductivity, or even the Higgs mechanism, in
the context of realistic yet tractable models, but good thermodynamic behaviour seems
to be incompatible with solvability, so far. Mild counterexamples can be found in the
Caldeira-Legget model [6] (which fits however better in the upcoming section ‘Linearized
models’) and in random matrix theory which can be considered as a mean-field model for
thermalization, but, alas, missing a local spatial structure. Third reason: I would claim
that the mathematics of these problems is still terra incognita; it is unclear what sort of
concepts and techniques will prove useful and perhaps this mirrors our general lack of
guiding concepts in nonequilibrium physics, as mentioned at the beginning of this article.

1The reader should however not forget that ergodicity is neither sufficient nor necessary for thermal-
ization, see e.g. [3]
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Fourth reason: Colleagues who are well versed in numerical simulations, tell me that
questions on thermalization and/or the difference between diffusion and superdiffusion
are hard to resolve by simulations. Therefore, rigorous results would be appreciated far
outside the community of mathematical physics.

2 Linearized models

Instead of adding more precision to the questions described above, I introduce now a
brutal simplification, since even then the remaining challenges are spicy. When I spoke
above of systems with many degrees of freedom, I had in mind that these are all interacting
in a nontrivial way. The simplification assumes that most of them are in fact free, except
for the coupling to a finite number of distinguished degrees of freedom: the archetypical
example would be of a tracer particle in a fluid where the fluid is an ideal gas, i.e. we
neglect all gas-gas interactions except those involving the tracer particle. In a certain
sense, this is a linearization, hence the title of this section. Examples are: the Rayleigh
gas, the Lorentz gas, the Anderson model and the model that I will describe now and
stick to for the rest of this paper.

Consider a quantum particle hopping on the lattice Z3, with Hilbert space `2(Z3), and
interacting with a field of phonons with creation/annihilation operators a†k/ak with k ∈ T3

the quasi-momentum, with Hilbert space the bosonic Fock space F . The Hamiltonian
acting on `2(Z3)⊗F is

H = −∆x +

∫
dk ω(k)a†kak + λ

∫
dk
(
φ(k)a†ke

ik·x + h.c.
)

(3)

(h.c. stands for ‘Hermitian conjugate’) where the first term is the kinetic energy of the
particle (∆x denotes the discrete Laplacian acting in the position variable x ∈ Z3), the
second term is the kinetic energy of the free phonon gas with dispersion relation, i.e.
one-phonon energy, ω(k), and the last term is the translation invariant coupling term,
with overall coupling strength λ and form factor φ(k).

The above model, or slight modifications or specifications of it, is also known as
the Nelson model, or the polaron model, or even (a simplified version of) the Pauli-
Fierz model. The Hamiltonian H generates a dynamics and we start this dynamics
from an initial state 〈·〉0 that describes the particle localized around the origin and the
phonon field in a thermal state at some inverse temperature β < ∞ and we let 〈·〉eq
be the corresponding thermal state of the coupled system. States should be understood
here as functionals on some relevant algebra of observables acting on `2(Z3) ⊗ F . The
Hamiltonian (3) generates the time-evolution corresponding to the formal expression
〈·〉t := 〈eitH · e−itH〉0. The most important observables for us here are x -the position of
the particle- and v := i[H, x] -its velocity-, and we restrict our attention to them. Let us
first list briefly the questions that were touched upon in the previous section.

Thermalization Conjecture For measurable, bounded functions f ,

〈f(v)〉t −→
t→∞

〈f(v)〉eq
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In this form, the conjecture is only applicable to infinite systems and might therefore be
misleading, as the counting argument presented in the section loses its meaning. For large
but finite systems, one should ask that the left hand side becomes approximately equal
to the right hand side and stays so for a very long time, but not infinitely long because
Poincaré recurrencies can and will occur. A related issue is that the ‘good’ thermalization
behaviour cannot be true for an arbitrary initial state, as follows easily from famous
Gedanken-experiments as, for example, the Zermelo paradox, and this should be taken
into account when formulating a more precise conjecture, for details we refer e.g. to [17].
All of this reserve applies equally well to the

Diffusion Conjecture The position observable x satisfies a central limit theorem

〈exp (−i
q · x√
t

)〉t −→
t→∞

e−D|q|
2

, q ∈ R3, for some D > 0,

which suggests that 〈|x|2〉t ∼ 6Dt for large t.

As in Section 1, the diffusion constant D should be related to an equilibrium correlation
function by a Green-Kubo formula D =

∫∞
−∞ dt〈v(0)v(t)〉eq. This also illustrates that

thermalization is a necessary prerequisite for diffusion; if we interpret the functional
〈v(0)·〉eq as an initial state 〈·〉0, brutally neglecting considerations of positivity, then
thermalization suggests that 〈v(0)v(t)〉eq → 〈v〉eq = 0 (last equality follows by spatial
symmetry), which is a necessary condition for the integral in the Green-Kubo formula
to be defined. It is of course not a sufficient condition; we need the velocity-velocity
correlation to be integrable.

In descending from the many-body problem of Section 1, we lost some features. The
model described here is probably less sensitive to the dimension d. I failed to find clear
statements in the literature, but as far as I know, one expects the above conjectures to be
true even in dimension 1, and with the only condition that the particle is truly coupled
to the field, for example: the form factor φ cannot vanish identically. Yet, despite the
simplification, the above conjectures remain wide open and some fresh idea is called for!

Recently, we treated a related model that I describe now. Imagine that the particle
carries some internal degree of freedom, like a spin or a vibrational degree of freedom
of a molecule, and let this be modelled by, say, a two-level system, so that the particle
Hilbert space is now `2(Z3)⊗ C2 and the Hamiltonian is changed into

H = −h∆x + σ3 +

∫
dk ω(k)a†kak + λ

∫
dk
(
σ1φ(k)a†ke

ik·x + h.c.
)

(4)

where σ1, σ3 are the usual Pauli matrices acting on C2. Hence, we added a term σ3
describing the evolution of the spin (as we will call this ‘internal degree of freedom’ for
brevity), and the factor σ1 in the interaction term such that now spin and particle position
are coupled together to the field, and we added an additional coupling constant h in front
of the kinetic energy (’hopping’ strength). Note indeed that, whereas in the previous
model, we had the parameters λ, β to tune the relative strength of the three different
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terms in the Hamiltonian, we need now an additional parameter to control four different
terms.

Result [7, 20] If we choose the functions φ(·) and ω(·) appropriately and, most impor-
tantly, |λ| � 1 and h � C|λ|2 for some C < ∞, then the thermalization and diffusion
conjectures hold for the modified model with Hamiltonian (4).

Let us now discuss why one could believe the diffusion conjecture. Intuitively, the main
feature that should cause diffusion, is that the interactions of the particle with the phonon
field at different times tend to become decorrelated and hence we can assume that the
particle is subject to independent and identically distributed forces, such that we can run
a probabilistic argument to get a diffusion, see [15]. To estimate these correlations, we
consider the correlation function of the phonon part of the interaction term in eq. (3).

ζ(x, t) := 〈I(x, t)I(0, 0)〉eq, I(x, t) =

∫
dk
(
ei(k·x−ω(k)t)φ(k)a†k + h.c.

)
which can be roughly interpreted as the amplitude to reabsorb a phonon at the spacetime
point (x, t) that was emitted at (0, 0). Note that ζ(x, t) is a quantity that depends on
the photon field only, in particular, the propagation of the particle from (0, 0) to (x, t)
is not described, nor the change of the behaviour of the field due to the particle. If the
phonons have a linear dispersion relation ω(k) ∼ vs|k|, near k = 0, then one can describe
the dynamics of a single phonon by a linear wave equation, and therefore we deduce that
ζ(x, t) cannot decay faster than |t|−(d−1)/2 on the ‘lightcone’ |x| = vs|t|, where vs is the
speed of sound. For phonons with a quadratic dispersion relation, ω(k)−ω(0) ∼ |k|2, we
can get |ζ(x, t)| ≤ t−d/2 for large t, uniformly in x. In the previous section, we argued
that velocity-velocity correlations should be integrable in time. Therefore, in the light
of the above discussion, models with quadratic dispersion relation (at least in d = 3)
seem the easiest to treat, and the mentioned result in [20] is indeed restricted to them.
Of course, the reasoning does not go in the other way; additional decay of correlations
can come from the motion of the particle. This is surely true in the Anderson model,
where the disorder is frozen in time, and such a mechanism was also explicitly exhibited
in [7]. Another point that was brushed over completely here is that the detailed balance
symmetry inherited from the underlying equilibrium state 〈·〉eq can enhance the decay
of the velocity-velocity correlation function. Hence, for lack of space and knowledge, the
above arguments supporting the diffusion conjecture are surely incomplete.

3 Kinetic Theory

As argued above, thermalization and diffusion are universal phenomena and they should
hold under mild conditions in the model described above. However, the easiest way to
get a glimpse of them is by using perturbation theory in the coupling constant λ. For
|λ| � 1, one expects that most of the time, the particle moves freely, but with a rate of
order λ2, it emits or absorbs a phonon with momentum k. Since energy and momentum
are (approximately) conserved in each of these events, the momentum of the particle
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before (p) and after the collision (p′) is determined by

ε(p) = ε(p′)± ω(k), p = p′ ± k (5)

where ε(p) =
∑3

i=1(2−2 cos pi) is the dispersion relation of the particle and ± is ‘+’ if the
phonon is emitted and ‘−’ if it is absorbed. Between collisions, the particle moves ballis-
tically with velocity v = ∂pε(p). Occurence of emmision/absorption and the momentum
k are random, and hence the velocity of the particle motion is described by a Markov
process vt and xt =

∫ t
dt vt. This picture goes under the name of ‘kinetic theory’. The

validity of kinetic theory up to times of order λ−2, such that the particle has undergone a
finite, λ-independent number of collisions, was established in [13, 9, 12, 11, 16] for several
models (in fact, also longer times were addressed in some of these works, we refer to [10]
for a clear overview and perspective), and even in some models of many-body theory (i.e.
not linearized, in the terminology of the previous section) in [19].

It should be stressed that the kinetic theory description is not universal in the same
way the diffusion equation is. There are several parameters, like the rate of absorp-
tion/emission for each k, and the dispersion relations. However, the kinetic picture does
predict diffusion because the kinetic random variable xt satisfies a central limit theorem.
The real dynamics differs from that of the kinetic variables (xt, vt) by memory effects that
decay at least as slowly as ζ(x, t), the free phonon correlation described above. Even if
one believes that these effects do not change the long-time behaviour qualitatively, they
surely change the value of the diffusion constant.

The above suggests a strategy to prove the diffusion conjecture, namely by setting up
a perturbative expansion with the kinetic equation as a zero-order term. This is a more
promising strategy than an expansion in powers of λ whose zero-order term is the ballistic
motion of the particle because A) the true long-time behavior is better captured by the
kinetic equation than by ballistic motion, and B) there are better techniques available
for perturbing stochastic processes than Hamiltonian equations.

The problem with this strategy, at least for the model in eq. (3) is roughly the follow-
ing. We need to follow the dynamics for a time τkin := λ−2 to see the kinetic description
unfold. Since the velocity of the particle is of order 1, the particle has travelled a distance
of order |λ|−2 in this time τkin. This means that we have to control particle-phonon inter-
actions in a volume ∼ |λ|−2d which in practice means that the perturbation can no longer
be considered small. Of course, this is very naive reasoning, but we are bound to run
into it when applying brutal perturbation theory. Moreover, this reasoning is reflected
in the value of the diffusion constant, because D = distance2/time ∼ |λ|−4/|λ|−2 ∼ |λ|−2
and hence diffusion is not a ‘perturbative effect’ in λ.

The model (4) is different in this respect because the particle velocity is now of order
h: The volume containing the particle after time τkin is (hτkin)d, and by imposing the
condition hτkin < C, i.e. h ≤ Cλ2 this does not lead to a large perturbation. However,
the small hopping strength h causes another problem: the first of eqs. (5) now reads
hε(p) = hε(p′) ± ω(k), and since it is only meaningful in the limit λ → 0, hence h → 0,
we get ω(k) = 0 which does not have any nontrivial (k 6= 0) solutions. This means that
the kinetic picture is now empty; there are no velocity-changing emission/absorption
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events and hence no diffusion either. Of course, this does not mean that the diffusion
conjecture is wrong here, but, at least, one has to consider larger times than τkin to see
it at work, and this causes a breakdown of our strategy.

It is here that the spin comes to our rescue: Let us reconsider eqs. (5), but now
incorporating the spin s, with energy E(s):

hε(p) + E(s) = hε(p′) + E(s′)± ω(k), p = p′ ± k.

Even when h → 0, these equations have nontrivial solutions, in particular p′ can differ
from p. Therefore, the strategy outlined above is a priori healthy. We implemented it in
[20] using a real time renormalization group approach inspired by [4, 5].

Finally, note that the above estimate for the diffusion constant now reads

D = distance2/time ∼ h2|λ|−4/|λ|−2 ≤ C|λ|2

because h ≤ Cλ2, so that the diffusion constant does have a perturbative origin, and the
model of eq. (4) is in this respect quite different from that of eq. (3).

4 The link to spectral theory

One could insist on more abstract statements of the conjectures from Section 2. After
all, since the models are described by a Hamiltonian H, one could hope that the con-
jectures naturally translate into statements about its spectrum. Let me briefly describe
this connection since it has been so influential in the mathematical study of open quan-
tum systems. First, if one indeed wants to treat the models directly in infinite volume,
then one should replace the Hamiltonian H in eq. (3) by a corresponding self-adjoint
Liouvillian on a Hilbert space Hβ that incorporates the finite temperature background,
and is unbounded both from above and below. Appropriate initial states 〈·〉0 are then
represented by vectors in Hβ. Since the whole model is translation-invariant, it is natural
to fiber L w.r.t. to the momentum L =

∫
⊕ dpLp. Then, thermalization means that L0 has

absolutely continuous spectrum except for one simple eigenvalue at 0 corresponding to
an eigenvector ψeq representing the equilibrium state, which should indeed be invariant.
This point of view was propagated in [14, 1, 8], where techniques were also developed
to prove the absence of singular spectrum: most notably; adaptation to quantum field
theory of the complex deformation technique and the spectral renormalization group. Up
to now, this philosophy has however not been applied to translation-invariant models as
discussed here.

A spectral view on diffusion is trickier: To begin with, it seems safe to conjecture that
Lp, p 6= 0 has purely absolutely continuous spectrum, but that is of course not enough.
One might conjecture that a well-defined resonance e(p) of Lp describes the diffusion.
This would mean that for p sufficiently small, the matrix elements of the resolvent

z 7→ F (z) := 〈ψ, (z − Lp)−1ψ′〉, forψ, ψ′ in some dense subspace

can be analytically continued downwards from the upper half plane, and F has a simple
pole at e(p) = −iDp2+o(p2), where D is again the diffusion constant. Let me immediately
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admit that I do not know whether this is a reasonable, let alone useful, conjecture. In
an exceptionally lucky case, described in [7], this conjecture is true and moreover there
is a g > 0 such that e(p) is the only singularity in the half-plane Im z > −g. In that
case, diffusion follows by the inverse Laplace transform. In general, I do not expect such
a g > 0 to exist, as it requires some exponential decay of correlations,, which, as argued
at the end of Section 2, should not be expected. The fact that it was present in [7], is
due to several restrictive choices.
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[8] J. Dereziński and V. Jakšić. Spectral theory of Pauli-Fierz operators. J. Funct.
Anal., 180:241–327, 2001.

[9] L. Erdös. Linear Boltzmann equation as the long time dynamics of an electron
weakly coupled to a phonon field. J. Stat. Phys., 107(85):1043–1127, 2002.

24 IAMP News Bulletin, January 2013



Some simple questions from nonequilibrium physics

[10] L. Erdös. Lecture notes on quantum Brownian motion. In Quantum Theory from
Small to Large Scales: Lecture Notes of the Les Houches Summer School: Volume
95, August 2010. OUP Oxford, 2012.

[11] L. Erdös, M. Salmhofer, and H.-T. Yau. Quantum diffusion of the random
Schrödinger evolution in the scaling limit ii. the recollision diagrams. Comm. Math.
Phys., 271:1–53, 2007.

[12] L. Erdös, M. Salmhofer, and H.-T. Yau. Quantum diffusion of the random
Schrödinger evolution in the scaling limit i. the non-recollision diagrams. Acta Math-
ematica, 200:211–277, 2008.

[13] L. Erdös and H.-T. Yau. Linear Boltzmann equation as the weak coupling limit of
a random Schrödinger equation. Comm. Pure Appl. Math., 53(6):667 – 735, 2000.

[14] V. Jakšić and C.-A. Pillet. On a model for quantum friction. iii: Ergodic properties
of the spin-boson system. Comm. Math. Phys., 178:627–651, 1996.

[15] Y. Kang and J. Schenker. Diffusion of wave packets in a Markov random potential.
J. Stat. Phys., 134:1005–1022, 2009.

[16] T. Komorowski and L. Ryzhik. Diffusion in a weakly random hamiltonian flow.
Comm. Math. Phys., 263:277–323, 2006.

[17] J. L. Lebowitz, S. Goldstein, C. Mastrodonato, R. Tumulka, and N. Zanghi. On the
approach to thermal equilibrium of macroscopic quantum systems. Phys. Rev. E,
81:011109, 2010.

[18] S. Lepri, R. Livi, and A. Politi. On the anomalous thermal conductivity of one-
dimensional lattices. Europhysics Letters, 43(3):271, 1998.

[19] J. Lukkarinen and H. Spohn. Weakly nonlinear schrödinger equation with random
initial data. Invent. Math., 183:79–188, 2011.

[20] W. D. Roeck and A. Kupiainen. Diffusion for a quantum particle coupled to phonons
in d ≥ 3. to appear in Comm. Math. Phys., 2011. arXiv:1107.4832.

IAMP News Bulletin, January 2013 25



Walter F. Wreszinski

The Myth of Academic Excellence and Scientific Curiosity

by Walter F. Wreszinski (Universidade de São Paulo)

Walter F. Wreszinski is a native of Rio de Janeiro (Brazil) and ob-
tained his Ph.D. in 1973 at the Seminar für Theoretische Physik der
ETH, Zürich, in the field of mathematical physics, having Prof. Dr.
K. Hepp as thesis advisor. Since 1990 he has been full professor at
the Departamento de F́ısica Matemática, Instituto de F́ısica, USP
(University of São Paulo). His main research interests are mathe-
matical statistical mechanics and quantum field theory.

In an important book [Bin], Mathias Binswanger alerts to the
danger of staging “artificial competitions” in fields of human ac-
tivity where, technically speaking, no market exists. Examples
are science and education, because of the impossibility of classi-
fying the participants on the basis of quantitatively measurable

indicators. In science, the presently used is “the number of publications in certain jour-
nals.” In Binswanger’s opinion, “such competitions lead the participants to the useless
production of ‘measurable’ achievements and products which results, in the long term, in
waste of time and reserves. The victim lying along the path is the intrinsic motivation
and, with it, the pleasure of working, both essential to the real scientific performance,
which does not lend itself to exact measurements.”

On the basis of criteria such as the above mentioned, a well accepted concept of “elite”
and “excellence” was formed, which provides orientation to universities and research
foundations in the whole world for the distribution of funds. The journals which we will
call top A, of high “impact factor” (a rather controversial number analysed in detail in
[Bin]), boast of high rejection indices, which reach 95 per cent, encouraging referees to
recommend refusal in the almost totality of cases in order to justify this so important
“measure of quality.” Thus, a major objective of these journals became the search for
justifications to substantiate refusal, resulting in a one sided, and therefore unfair and
unrealistic, view of the refereeing process. Due to lack of time of the referees, the papers
are not read in any detail, and rejected with arguments difficult to refute, e.g., “it is
new and interesting, but the methods are standard” or “there are no sufficiently new
ideas to justify publication in top A.” Sometimes, depending on the journal and on how
influential in the community the author is, harder approaches are used, such as very long
delays in turning in a report. Finally, the editor frequently acts to reinforce the main
idea of the system, for instance, by choosing to refuse a paper whose publication is not
too emphatically recommended by the referees, or resting upon a negative remark by a
referee who recommended publication, without checking it even superficially, either by
lack of time, or interest, or both. There is great power attached to such positions, because
no appeal of the final decision is possible.
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It must, however, be remarked that a few high level, but not top A, publications
do take their roles seriously, assigning referees who actually read the papers and even
offer constructive remarks and/or corrections. In these exceptional cases, paraphrasing
Matthews and Salam, the paper satisfies, finally, the condition of having been read by at
least two people, one of whom may be author, and some scientific communication has been
achieved, even if dissemination remains more restricted. I recall in this context a conver-
sation with a colleague, who observed: “Walter, everybody knows what our ‘business’ is:
Nature, Science, Physical Review Letters (PRL).” It came then to my mind what a dis-
tinguished deceased colleague, Professor Daniel Henry, from the Mathematical Institute
of the University of São Paulo, would have said about this, because, while collaborating
on a paper, I asked him if he had an idea where where to send it for publication. I never
forgot his answer: “Forget the damn publication, we want to understand!” In fact, this is
the most important message of this note, which I shall try to elaborate on. Incidentally,
the paper was finally published in Communications in Mathematical Physics, a top A
journal in the area, which today, unfortunately, follows the same pattern of the others.

One of the most problematic features of this process of evaluating excellence is that
perverse behavioral patterns are generated [Bin]: a) a strategy of praising citations;
b)absence of deviations of established theories; c) “salami tactic”; d) increase of the
number of authors per article; e) increasing specialization; f) falsification and fraud. The
“salami tactic” is the well-known subdivision of the work done into thin slices, as in a
salami, in order to maximize the number of publications. We shall be concerned mostly
with b),e) and f) in what follows: in the case of f), the most subtle types of fraud favoured
by the system. Our main objective is to analyse some of the most serious consequences of
this framework using physics as an example, but the generality of the phenomena should
render the discussion interesting to all fields of academic activity.

The physicist Arthur Schwawlow, who received the Nobel prize for the theory of the
laser, used to say: “The scientists of greatest success are not, frequently, the most talented
ones, but those who are moved by curiosity, who simply must know the answer.” Obsta-
cles to this search for understanding due to pure and simple scientific curiosity (perhaps
the most noble task of any researcher, the one Dan Henry was referring to) have existed
for a long time, today intensified by by the connection with the excitement of competition
and the idea of a market, which has been created around all activities, including academic
and educational, by the media, politicians and general public. Thereby was established
a profound mistrust of fundamental research at universities, situated in “ivory towers,”
because society in general does not know what this research means, and what it is “good
for.” Already in the decades 80-90 the “politically correct” idea was launched, that uni-
versities should create “applied knowledge” ( reminding one of Faraday’s remark, “What
is the use of a new-born baby?”). This remains quite timely: in order to comply with this
mistrust, there is pressure from politicians and media to create competitions, necessarily
of artificial nature, because the corresponding market does not exist (what would be the
market for cosmology, for instance?), in such a way that only the “best” have their turn. I
recall in this context an old “list of improductive professors” published some two decades
ago by a leading newspaper in São Paulo, in which, surprisingly, many distinguished re-
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searchers appeared, or a recent internal list which appeared recently in the institute of
physics of the university of São Paulo, classifying members of the faculty by the number
of PRL they had published. These “best” become spokesmen for “excellence,” frequently
alerting to the fact that society pays their salaries, and the taxpayer has the right to
demand “production of new knowledge.” It happens, however, that the normal taxpayer
does not have the necessary education to understand, and therefore to get interested in,
fundamental research, and - a somewhat biting detail - the “new knowledge” may be
wrong, i.e., present contradictions with the fundamental principles of physics. This last
aspect, which involves even physicists awarded with the Nobel prize, has assumed such
importance in recent times, to the point of representing a menace to the actual meaning
of scientific investigation, namely, the search for truth; as we shall see, it turns out to
relate to Binswanger’s point f).

There are several reasons behind the above mentioned syndrome. One of them re-
lates to Binswanger’s point e), the increasing specialization, which led to a significant
reduction in the level of general knowledge required from a physicist. This generates not
only demotivation, due to the impossibility of viewing phenomena in a more general con-
text, but also, of course, pure and simple ignorance. To give one example, it is not rare
nowadays that an elementary particle physicist knows very little quantum field theory
(qft), which forms the foundation of the theory. As a consequence, the famous “standard
model” of elementary particles, which recently became popular in the media as a conse-
quence of the search for the Higgs particle, is commonly presented as a panacea for all
interactions in physics, excepting gravitation. For the so-called strong interactions, which
are responsible for the binding of protons and neutrons in the atomic nucleus, the model
is, hovever, innocuous, for simple reasons connected with the size of the adimensional
coupling constant (of the order of 10) and the elementary theory of asymptotic series,
with which any graduate student who knows the gamma function has some familiarity.
For this reason, there is as yet no theory for the proton-neutron mass difference, or for
the magnetic moment of the neutron, which plays a role in nuclear magnetic resonance.
It is a problem of gigantic proportions, comparable in importance to a theory of quantum
gravity, but the majority ignores or pretends to ignore this fact: the “standard model” is
a set of extremely difficult open problems (in the electroweak theory there is the mysteri-
ous global nature, i.e. not perturbative, of the theory, which worried great physicists such
as Feynman and Landau, and in electrodynamics is connected to the so-called Landau
pole).

Another direction appeared around the eighties with the advent of string theory. It
became soon clear, however, to most specialists in quantum field theory that several gaps
of principle were intrinsic to the theory (see the discussion pp. 299-300 in [H] as part
of the reminiscences of Rudolf Haag, one of the greatest physicists in the field). Haag
recalls that there was a suggestion that, within the scheme of string theory, only one
theory would be possible, the famous TOE (theory of everything), and Hans Joos, an
eminent particle physicist, observed in this connection: “This may bring a revolution in
our ideas in the years to come or it will quickly disappear again.” As observed by Haag,
“unfortunately neither one of the alternatives was realized.”
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The motives leading to this last fact were not analysed by Haag, but, according
to Charlton [C], “In contrast to the ideal of impartial and objective analysis, in the
real world it looks more like most scientists are quite willing to pursue wrong ideas, so
long as they are rewarded for doing so with a better chance of achieving more grants,
publications and status.” Charlton calls this penomenon “zombie science,” a “science
which is dead but will not lie down, it has no life of its own, being animated and moved
by the incessant pumping of funds.” In fact, it is not only funds which keep it moving,
but an extraordinary lobby of power and influences. In the case of string theory, eminent
mathematicians such as Sir Michael Atiyah provided large support, because they “saw in
string theory at last one range of ideas in physics which could stimulate developments of
new mathematics. But for physics this was negative because it drew the approach more
and more into speculative areas in which contact with questions subject to experimental
test got lost.”[H] This last point is important, because a theory is, in general, rejected,
when it fails in the prediction of “reality.”

It may, however, happen that a theory actually fails in the prediction of one or of
a series of experiments it proposed to describe ab initio and, in spite of that, remains
unshattered. This occurs with the BCS theory of superconductivity, which awarded J.
Bardeen, L. N. Cooper and J. R. Schrieffer with the 1957 Nobel prize. Since the very
beginning (see [S] and the references given there, or [W] for a short summary of the
situation) it became clear that the theory did not fulfill a basic physical principle, viz.,
the local gauge symmetry. It is the latter that guarantees the existence of a current
(electric in the case) which is locally conserved, meaning that charges may not be created
or destroyed even locally, that is, it is impossible that a charge gradually vanishes at
some point of space, even if it is simultaneously recreated at the same rate at a different
spatial point. Just this current is one of the central observables of the theory, because
it is measured experimentally and, in special superconducting structures (rings), flows
without dissipation for long periods of time. Subsequently it was verified that the BCS
theory did not explain some of the most fundamental effects of the theory, including
the famous Meissner effect, which is directly related to the current, and later suggested
important analogues in qft and particle physics, related to mass generation (the Higgs
effect) and confinement. This was alerted by the distinguished experimental physicist
Bernd Matthias between 1960 and 1970 (see [Hi] and references cited there). Alternative
models appeared, in particular those of J. E. Hirsch [Hi], but, in spite of their claim to
better explain the experiments by a different mechanism, were never accepted by top A
journals, such as PRL, and for this reason were hardly noticed by the large community of
physicists. Quoting Hirsch: “The most prestigious and mainstream physics publications
are completely silent about the possibility of the BCS theory being wrong, and papers
submitted to these journals casting doubt on the validity of the BCS theory to explain
conventional superconductors are not accepted for publication.” The interested reader
will find in [Hi] a detailed confirmation of the scheme of zombie science denounced by
Charlton: we have thus illustrated item b) in Binswanger (note that all this is independent
of the scientific value of Hirsch’s contribution, which is by no means our issue here).

We see that the main obstacle to the truth becoming known was the false concept
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of excellence associated to peer-review in top-A journals. A rejection to publish there
leads to publication in a “non top A,” but this is equivalent to impart a label: the
author did not succeed in publishing in top A, therefore the contribution is not first
rate. Theories frequently superior to those well-established ones, or those supported
by influential scientists (who also frequently belong to the editorial commitee of top
A journals) are in this way effectively blocked. We have thus arrived at item f) in
Binswanger, in the case that the blockade is, as in the case of Hirsch and many others,
with the objective of preventing dissemination of ideas contrary to those of a group
(“enlightened self-interest”[C]).

In essence this procedure derives from the enormous decline of values observed in
the present society, in which absolute pragmatism prevails. We are very far from Bohr’s
description of Dirac as a “pure soul,” as well as from Einstein’s Weltbild: in those days
the most influential personalities were known by their total intelectual integrity. Only
a great abyss between the professional and ethical upbringing is able to explain this
surrealistic picture.

It is urgent and necessary that foundations supporting research and universities be-
come conscious of how serious the problem is, and accept that academic and scientific
quality does not lend itself to measurement by objective numbers. As Binswanger re-
marks [Bin], those who carry the responsibility must assume subjective decisions, using
if necessary the help of third parties in order to avoid arbitrariness. General one-sided
schemes such as of top-A journals previously described should be abandoned, and referees
should be encouraged to decide solely on the basis of their view of the scientific value or
merit of the contribution, and editors should also have the courage to make subjective
decisions in case they do not find the referee reports satisfactory, but again, of course,
on the basis of their independent judgement of the material, and not with the primary
aim of reinforcing a general scheme as described before. These editors are the present
version of the “mandarins who control the job market,” mentioned by Dyson ([D], pg.
161). They should pay special attention to the “unfashionable pursuits” which are the
subject of chapter 14 of Dyson’s book [D], because, even if they do not reach the level of
Sophus Lie, Hermann Grassmann or Hermann Weyl discussed there, they may still bring
extremely valuable contributions to science: this often relates to item b.) of Binswanger.
To quote Dyson once again, [D], “The problems which we face as guardians of scientific
progress are how to recognize the fruitful unfashionable idea, and how to support it.” If
the mandarins do not have the courage to drastically change the ship’s course, we run
the serious risk of, in the name of a grotesque concept of excellence, voiding our original
motivation: scientific curiosity.
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Nicolae Angelescu (1943-2012)

We very much regret having to announce the death of our colleague and friend Nicolae
Angelescu, who died after a long illness at noon on November 25, 2012 in the Hôpital
Jean Jaurès in Paris.

Nicolae Angelescu was born on January 28, 1943, in Bucharest, in an academic family.
His parents, as well as his two sisters, were all involved in teaching and research. Nico-
lae, who completed two academic degrees at the University of Bucharest (in Theoretical
Physics and in Mathematics), secured a research position at the Institute of Physics and
Nuclear Engineering in Bucharest-Magurele (Romania), and continued on to his PhD in
Theoretical Physics, On some boundary value problems in quantum statistical mechanics
(1976). At that time his main interests crystallized around mathematical physics.

In the 1960’s, mathematical physics as a research discipline was not highly visible
in Romania. At this time Nicolae (having freshly completed his undergraduate studies)
together with his colleagues M.Bundaru, G. Nenciu, and V. Protopopescu, started a
study group and organized a series of pioneering seminars on modern approaches to
statistical mechanics. That was a tough and wonderful experience where Nicolae played
a central role. It resulted in a series of four papers published in Communications in
Mathematical Physics, all of them co-authored by Nicolae, which marked the beginning
of mathematical physics research in Romania. Nicolae then devoted his career to the
development of numerous rigorous statistical and quantum mechanics results.

Nicolae was always prepared to engage in discussions which were invariably enlight-
ening, on difficult and subtle matters of physics and mathematics, and always ready to
help any colleague seeking his advice. He, together with his dear collaborators, imposed
the highest possible standards in the scientific research in Bucharest, but also in Dubna
and Leuven, where he held invited research positions. His scientific activity covers many
topics of classical and of quantum statistical mechanics and related spectral problems.
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These include a new approach to the theory of liquid crystals and to Bose condensa-
tion and superfluidity. Nicolae was always interested in uncovering elegant and complete
mathematical solutions to the problems he addressed. Up to his very last days, Nicolae
nurtured a deep interest for new trends in statistical mechanics, working on mathemati-
cal problems of the quantum many-body systems out of equilibrium and on the models
exibiting non-equilibrium steady states.

Nicolae Angelescu was a person not only of great scientific rigor, but also of deep hu-
manity and modesty, who inspired love and respect in everyone knowing him. Everybody
who had a chance to collaborate with Nicolae appreciated his intelligent and transparent
style of thinking, always encouraging to his co-authors. We always deeply appreciated
his warm, sensitive and attentive relations with colleagues and friends, his genuineness
and kindness. Nicolae will be remembered with gratitude by all who knew him. He will
be greatly missed.

Mircea Bundaru, Robert Minlos, Gheorghe Nenciu
Joseph Pulé, André Verbeure, Valentin Zagrebnov
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Arthur Strong Wightman (1922–2013)

Arthur Wightman, a founding father of modern mathematical physics, passed away on
January 13, 2013 at the age of 90. His own scientific work had an enormous impact in clar-
ifying the compatibility of relativity with quantum theory in the framework of quantum
field theory. But his stature and influence was linked with an enormous cadre of students,
scientific collaborators, and friends whose careers shaped fields both in mathematics and
theoretical physics.

Princeton has a long tradition in mathematical physics, with university faculty from
Sir James Jeans through H.P. Robertson, Hermann Weyl, John von Neumann, Eugene
Wigner, and Valentine Bargmann, as well as a long history of close collaborations with
colleagues at the Institute for Advanced Study. Princeton became a mecca for quantum
field theorists as well as other mathematical physicists during the Wightman era. Ever
since the advent of “axiomatic quantum field theory”, many researchers flocked to cross
the threshold of his open office door—both in Palmer and later in Jadwin—for Arthur
was renowned for his generosity in sharing ideas and research directions. In fact, some
students wondered whether Arthur might be too generous with his time helping others,
to the extent that it took time away from his own research.

Arthur had voracious intellectual appetites and breadth of interests. Through his
interactions with others and his guidance of students and postdocs, he had profound
impact not only on axiomatic and constructive quantum field theory but on the de-
velopment of the mathematical approaches to statistical mechanics, classical mechanics,
dynamical systems, transport theory, non-relativistic quantum mechanics, scattering the-
ory, perturbation of eigenvalues, perturbative renormalization theory, algebraic quantum
field theory, representations of C∗-algebras, classification of von Neumann algebras, and
higher spin equations.
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Wightman was known for his honesty and his adherence to the highest scientific stan-
dards, attributes that he tried to communicate to whoever crossed his path. His lectures
in Princeton were legendary for their careful planning and for content that included con-
stant attempts to integrate the latest research directions into his courses. Behind the
scenes, Wightman worked tirelessly to encourage Princeton to accept the most talented
undergraduates, to improve and to preserve Princeton’s famous library of mathematics
and physics, and to create a research atmosphere in the department that stimulated
outstanding work.

Arthur Wightman also helped shape the future far beyond Princeton. His summer
school lectures in Varenna, Les Houches, and Cargèse consolidated or opened up new
directions in mathematical physics. During the 1963–64 academic year, Arthur joined
Hans Borchers, Harry Lehmann, Henri Epstein, and Jurko Glaser to help the IHES
founder Leon Motchane and Louis Michel establish a program in mathematical physics.
(The IHES had just moved from Paris to Bures-sur-Yvette.) In 1973, Giorgio Velo and
Arthur Wightman began their own series of productive summer schools in Erice.

Arthur encouraged the founding and later served as an associate editor of Commu-
nications in Mathematical Physics, as well as editing book series for Benjamin and for
Princeton Press. Arthur had a compelling interest in the history of science as seen, for
example, in the long introduction to Robert Israel’s book on the history of convexity in
physics. As a member of the board of Princeton Press, he was a key earlier supporter
in getting the Einstein Papers project under way. Arthur was the editor of Wigner’s
complete works published by Springer.

Arthur was born in Rochester, New York on March 30, 1922 and served in the US
Navy after graduation from Yale in 1942. He then started graduate school in physics at
Princeton intending to work with Eugene Wigner, but since Wigner was spending most
of his time then at Oak Ridge, Wightman wrote a Ph.D. thesis on The Moderation and
Absorption of Negative Pions in Hydrogen under John Wheeler, also with input from
his old mentor, Robert Marshak in Rochester. Arthur spent the rest of his academic
career at Princeton, eventually as Thomas D. Jones Professor of Mathematical Physics
jointly in Mathematics and Physics. During 1951–52 and 1956–57 he visited Copenhagen,
where he interacted strongly with scientists in nearby Lund, especially with Gunnar
Källén in physics and with Lars G̊arding in mathematics. With the latter, he framed the
mathematical foundations for the quantum field theory axioms that bear their names.

Arthur’s honors include the 1969 Heineman Prize for Mathematical Physics, 1970
election to the US National Academy of Sciences, 1976 Gibbs Lectureship, and a 1997
Poincaré Prize.

Arthur married Anna-Greta Larsson, who was a talented artist and photographer.
Anna-Greta, as well as their daughter Robin, died from cancer at a young age. Arthur’s
second wife of thirty-five years, Ludmilla Popova Wightman, translates poetry from Bul-
garian to English. She and his stepson, Todor Todorov, survive him.

Arthur was a pivotal figure in the emergence of modern mathematical physics in the
50’s and 60’s. In order to mark his passing, the flag of Princeton University flew at half
mast for three days.
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This (certainly incomplete) list of Arthur Wightman’s students is a compilation from
several sources, though it relies heavily on the mathematics genealogy web site:

Silvan Samuel Schweber 1952
Richard Ferrell 1952
Douglas Hall 1957
Oscar W. Greenberg 1957
Huzihiro Araki 1960
John S. Lew 1960
William Stanley Brown 1961
James McKenna 1961
Peter Nicholas Burgoyne 1961
John Dollard 1963
Eduard Prugovecki 1964
Arthur Jaffe 1966
Oscar Lanford, III 1966
Anton Capri 1967
Robert Powers 1967
Lawrence Schulman 1967
Christian Gruber 1968

Jerrold Marsden 1968
Gerald Goldin 1969
Eugene Speer 1969
George Svetlichny 1969
Barry Simon 1970
Charles Newman 1971
Stephen Fulling 1972
Robert Baumel 1979
Alan Sokal 1981
Vincent Rivasseau 1982
Rafael de la Llave Canosa 1983
Steven Bottone 1984
Thea Pignataro 1984
Jan Segert 1987
Jay Epperson 1988
Marek Radzikowski 1992
Jan Westerholm 1996

Note: A website has been set up at Princeton:

https://www.princeton.edu/physics/arthur-wightman.

for reminiscences of Arthur. Contributions for this site can be sent to Regina Savadge,
rsavadge@princeton.edu.

Arthur Jaffe and Barry Simon
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News from the IAMP Executive Committee

New individual members

IAMP welcomes the following new members

1. Dr. Jean-Claude Cuenin, Mathematics Department, Imperial College, London, United
Kingdom

2. Prof. Adam Doliwa, Faculty of Mathematics and Computer Science, University of
Warmia and Mazury, Olsztyn, Poland

3. Prof. Joachim Krieger, Section de mathématiques EPFL, Lausanne, Switzerland

4. Prof. Lydia Novozhilova, Mathematics Department, Western Connecticut State
University, Danbury, CT, USA

5. Dr. Jean-Christophe Wallet, Laboratoire de Physique Théorique et CNRS, Univer-
sité Paris-Sud 11, Orsay, France

Recent conference announcements

Recent Mathematical Advances in Classical, Quantum,
and Statistical Mechanics
A Conference on the Occasion of the Retirement of Larry Thomas

March 8–9, 2013, University of Virginia, Charlottesville

organized by
Abdelmalek Abdesselam and Ira Herbst, math-LTconf@virginia.edu

Quantum Fields, Gravity & Information
– joint efforts and new directions in mathematical physics

April 3 – 5, 2013, School of Mathematical Sciences, The University of Nottingham

organized by
David Edward Bruschi, Antony R. Lee, Nicolai Friis, Sara O. G. Tavares

New Trends in Complex Quantum Systems Dynamics

April 8–13, 2013, Universidad Politécnica de Cartagena, Spain

organized by
Simone Montangero, Javier Prior Arce
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Quantum Spectra and Transport

June 30 – July 4, 2013, The Hebrew University of Jerusalem, Israel

organized by
Jonathan Breuer, Omri Gat and Yoram Last

The conference is held on the occasion of Professor Yosi Avron’s 65th birthday. For
further information please write to avronfest@math.huji.ac.il.

This conference is partially funded by the IAMP.

Mathematics and Quantum Physics

July 8–12, 2013, Roma, Italy, Accademia Nazionale dei Lincei

organized by
Corrado de Concini, Alberto De Sole, Sergio Doplicher, Giovanni Gallavotti, Alessandro
Giuliani, Tommaso Isola, Giovanni Jona-Lasinio, Gerardo Morsella, Gherardo Piacitelli,
Giuseppe Ruzzi.

This conference is partially funded by the IAMP.

The 8th Symposium on Quantum Theory and Symmetries

August 5 – 9, 2013, El Colegio Nacional, Mexico City

organized by
Kurt Bernardo Wolf, Octavio Novaro, Roelof Bijker, Octavio Castaños, Roco Jáuregui,
Renato Lemus.

This conference is partially funded by the IAMP.

Open positions

Postdoctoral Position in Mathematical Physics in Paris

Duration: 1 or 2 years, starting in fall, 2013.

Location: University of Cergy-Pontoise, Paris, France

The candidate should have a a strong background in the study of quantum systems, with
tools from spectral theory, nonlinear analysis and PDEs, or numerical analysis. She/he is
expected to work in the team of the ERC project Mathematics and Numerics of Infinite
Quantum Systems.

To apply, send a CV to mathieu.lewin@math.cnrs.fr.

The deadline for applications is March 31, 2013.
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News from the IAMP Executive Committee

Postdoctoral positions in Mexico

Postdoctoral Positions in Mathematical Physics. The National Autonomous University
of Mexico (UNAM) offers postdoctoral positions (Becas posdoctorales DGAPA-UNAM)
for one year, with the possibility of extension for a second one. Applications are ac-
cepted twice a year, usually in September (to start the following March) and June
(to start the following September). People interested in applying to work in Spectral
and Scattering Theory, Quantum Mechanics, Quantum Field Theory, Quantum Infor-
mation, and Quantum Optics, in collaboration with researchers of the Department of
Mathematical Physics of the Institute for Research in Applied Mathematics and Sys-
tems (IIMAS) and who would like more information are welcomed to contact Dr Ricardo
Weder, weder@unam.mx, or the Academic Secretary of IIMAS, Dr Ricardo Berlanga,
berlanga@unam.mx. In order to have time to prepare the required documents please
write sufficiently earlier than the application deadline.

More job announcements are on the job announcement page of the IAMP

http://www.iamp.org/page.php?page=page_positions

which gets updated whenever new announcements come in.

Offers to IAMP members

We are pleased to announce that Oxford University Press now also offers IAMP members
a 25 % discount on all titles in Physics and Mathematics.

Details about this offer and those of other publishers can be found on

http://www.iamp.org/page.php?page=page_offers.

IAMP bulletin

Starting this issue, the bulletin will also be available in screen format, suitable for tablets
and e-book readers. A set of TEXnical instructions for bulletin authors is available from
the editors. Authors keep their copyright, but should fill in and sign the Consent to
Publish form, available on http://www.iamp.org/page.php?page=page_bulletin, and
send it to the chief editor. We would like to thank Elliott Lieb for providing the text for
this form.

Manfred Salmhofer (IAMP Secretary)
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Arne Jensen

Department of Mathematical Sciences
Aalborg University
Fredrik Bajers Vej 7G
DK-9220 Aalborg, ∅, Denmark

matarne@math.aau.dk

Ivan Corwin

Massachusetts Institute of Technology
Department of Mathematics
77 Massachusetts Avenue
Cambridge, MA 02139-4307, USA

ivan.corwin@gmail.com

Wojciech de Roeck

Institut für Theoretische Physik
Ruprecht-Karls-Universität
Philosophenweg 19
69120 Heidelberg, Germany

W.deRoeck@thphys.uni-heidelberg.de

Walter F. Wreszinski

Department of Mathematical Physics
Instituto de Fisica
Universidade de São Paulo
Caixa Postal 66 318
05314-970 São Paulo, SP, Brasil

wreszins@gmail.com

Barry Simon

Caltech

bsimon@caltech.edu

Arthur Jaffe

Harvard University

arthur_jaffe@harvard.edu

Manfred Salmhofer

Institut für Theoretische Physik
Ruprecht-Karls-Universität
Philosophenweg 19
69120 Heidelberg, Germany

secretary@iamp.org

Valentin Zagrebnov

Laboratoire d’Analyse,Topologie, Probabilités
Centre de Mathématiques et Informatique
Université Aix-Marseille
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