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Trends in Condensed Matter Physics: Is Research Going Faster and Faster?
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In this paper we study research trends in condensed matter physics. Trends are analyzed by means of the number of publications in the different sub-fields as function
of the years. We found that many research topics have a similar behavior with an
initial fast growth and a next slower exponential decay. We derived a simple model
to describe this behavior and built up some predictions for future trends.

1 Introduction
The investigation of social phenomena has acquired large
importance in the last years.[1] In particular statistical
physics has been applied to study the interaction of individuals as elementary units of a social structure. In these
models each individual interacts with a limited number of
peers usually negligible compared with the total number of
agents. In this ensemble of interacting agents, statistical
physics has been used to investigate opinion and cultural
dynamics, crowds behavior, social spreading phenomena
and so on.[1]
On the other hand the structure of the human connections
has been subject of an intense study by means of networks
theory.[2] It has been shown that humans form particular
kinds of networks, the so-called scale-free networks, that
exhibit a very short path from one site to another thanks
to the presence of large hubs connected to many nodes.[1]
Also scientists and the scientific community have been subject of similar studies. In particular network theory has
been employed to show that scientific collaborations form a
scale-free network.[3] One important characteristic of these
networks is that new ideas and trends can spread without
any initial threshold due to the unbounded fluctuations in
the connectivity.[4]
In this paper we will analyze the birth and death of trends
in the scientific community, and in particular in condensed
matter physics. In the last fifty years different topics
have been subject of intense research in condensed matter
physics, ranging from superconductivity to charge density
waves or nanostructures. Researchers, during their career,
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have usually worked on some of these subjects moving from
one to another when they found the new one more stimulating or challenging. This collective behavior gave rise to the
birth, growth and death of new trends. Here we want to
investigate this dynamic without dealing directly with the
diffusion of ideas in the scientists network, but devising a
simple model to describe birth and death of new research
topics in the community. In order to do so we will perform
a bibliometric study based on lexical analysis of papers published in the last fifty years. Bibliometrics has been already employed to detect and investigate emerging research
topics[5] by means of co-citation links or text-based techniques.[6] Here we will use a simple text-based approach
to obtained the data that will then be analyzed by means
of a model derived by population dynamics. The model
resembles the dynamics of fashion in social science, that
has been studied by means of Langevin and Fokker-Planck
equations.[7,8] We will show that different sub-fields, irrespective of their importance and time location, exhibit a
similar behavior that is well described by our simple model.
The questions we would like to answer are: Are researches
changing topics more often than in the past? Do research
trends last less than in the past? And if this is true, is it
due to the larger number of researchers? We do not have a
definite answer to all these questions, but we will show that
with a simple model we can get some insights for trends in
condensed matter physics. The paper is organized as follows: in section 2 we discuss publication data; in section 3
we present the model used to describe trends in condensed
matter physics; in section 4 we apply our model to the publication data and report the results; finally in section 5 we
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2 Publications and Data

(1)

where r is the growth rate and K represents the environment carrying capacity.
In our model we consider P as the fraction of scientists that
decides to work on a given research topic and we suppose
P to be proportional to the paper ratio. As in the logistic model we suppose that the number of scientists working
on a sub-field increases due to the available resources. In
our case the ‘resources" represent the possibility to make
new discoveries in the sub-field, but also the possibility to
get more grants and more citations in an emerging research
area. This gain is equivalent to the so-called “bandwagon"
effect in fashion dynamics.[8]

The number of scientific publications in physics is exponentially growing (see Fig. 1). This trend has been found also
in other research fields as chemistry, biology, and so on.[9]
However the growth pattern of given sub-fields may be different from the total one, as already pointed out in previous
studies.[9] This behavior is due to the fact that particular
research areas are saturated, lack of interest or possible innovation.
In order to evaluate trends in condensed matter physics we
consider the ratio between the number of publications in a
given sub-field and the total one. The ratio is a good indicator for the importance of a given research sub-field because
it is independent from the total number of publications
and it allows to compare research topics at different times.

Figure 1: Normalization factor obtained from SAO/NASA Figure 2: Simple model for fashion in physics, with parameters K(t = 0) = 10, P (t = 0) = 0.1 and paAstrophysics Data System Abstract Service.[10]
rameters r = 0.1, s = 0.01.
The total number of papers has been fitted with
an exponential curve. Fit parameters are reported Differently from the logistic model we suppose that the carin the figure.
rying capacity of a given research topic decreases with time.
In fact one can expect that after some time a large part of the
We started analyzing the number of abstracts published in possible experiments and theory will be already over. Morephysics from 1950 to 2011.[11] We found an exponen- over there is also an economical component that contributes
tial growth with a doubling time of about 16 years (data to the carrying capacity decrease: grants on a new and hot
are shown in Figure 1) in agreement with previous stud- topic have clearly more successful probabilities than on an
ies.[9,12] Then we extracted the number of papers in the old and widely studied subject.[14] This fact automatically
different sub-fields, and normalized this number with the decreases the possibility to have many scientists working
total number of papers published each year. Some results on old research topics due to the reduction of available poare reported in Figure 3. The selection of papers belong- sitions. All these effects, that contribute to reduce the caring to a given sub-field has been done by means of a search rying capacity are equivalent to the so-called "snob effect"
in the abstract database using a combination of several key- in the fashion dynamics.
words to best represent a research topic (see for instance the Therefore we suppose that K, the carrying capacity of our
first column of Table 1).
system, decreases proportionally to the number of scientists
working on a given research topic multiplied by a research
rate coefficient s

3 The Model

dK(t)
= sP (t).
(2)
dt
The research rate coefficient s represents the speed, at
which the properties K(t) are investigated by scientists
P (t). In principle the decay of K(t) can have a more
complex dependence from P (t). In the literature, there are

In order to analyze trends in condensed matter physics we
use a modified version of the logistic equation.[13] In his
original formulation Pierre-François Verhulst applied the
logistic equation to the population growth, assuming the reproduction rate being proportional to both the existing pop-
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several studies that include retardation effects or non-linear
coupling,[15] however we did not find particular reasons for Table 1: Parameters obtained by fitting the normalized
number of abstracts with the model in Eq. 2. The
using more complicated models than a linear one. Combinstrength of each research topic has been normaling equations 1 and 2 we get:
ized to the one of superconductivity Psc = 0.0262.
✓

◆

Topic

t0

crystal fields

1957.0(7) 0.095(5)

0.018(2)

0.27(4)

helium-3/-4

1959(2)

0.051(3)

0.06(1)

0.17(5)

alkali halides

1960(1)

0.186(6)

0.070(6)

0.12(1)

spin waves

1960.51(1) 0.125(12) 0.044(9)

0.30(4)

Haas-vanAlphen
Brillouin
scattering
Compton
scattering
spin glass

1960.9(5) 0.023(3)

0.060(7)

0.5(2)

1969(1)

0.024(4)

0.24(3)

where C1 and C2 are the integration constants that depend
from P (0) and K(0). In order to understand the behavior
of this model we consider the limits at short and long times
of the previous solution. For t ! 1 we found that Eq. 4
decays exponentially as P (t ! 1) ' e rs/(r s)t . Since
s is supposed to be much smaller than r, the exponent reduces to P (t ! 1) ' e st . On the other hand for short
time t, P (t ! 0) goes as P (t ! 0) ' c + ert . A typical
sketch of the solution is reported in Figure 2.
From the limits at short and long time we can see that the
initial growth is dominated by the r coefficient while the exponential decay is dictated by the research rate coefficient
s. In the language of population dynamics, the exponential
decay is related to the decrease of carrying capacity, while
the initial growth is due to the diffusion of a research topic
in the scientific community. In order to analyze the publication data of different sub-fields, we simplify Eq. 4 in such
a way to catch short and long time behaviors with a simple
formula:

dK(t)
d2 K(t)
=r
2
dt
dt

1+

1 dK(t) 1
s dt K(t)

(3)
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The solution of this equation has the form:
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(P0 /Psc )

0.048(3)

1971.1(3) 0.0173(9) 0.060(4)

0.8(1)

1977.9(3) 0.097(3)

0.018(2)

0.6(1)

charge density
waves
Josephson
junctions
fract. Quantum
Hall
four wave
mixing
quasicrystals

1978.8(7) 0.054(3)

0.026(4)

0.33(4)

1983(1)

0.038(8)

0.15(1)

Penrose Tiles

0.11(1)

1983.8(3) 0.0162(1) 0.018(4)

1.6(5)

1984.5(5) 0.091(5)

0.050(5)

0.30(2)

1985.7(2) 0.031(2)

0.025(4)

1.6(5)

1986.1(3) 0.022(1)

0.023(5)

1.0(2)

0.045(5)

3(2)

superconductivity 1986.7(2) 1.00(6)

(6)

↵

slave bosons

1989.5(3) 0.0133(4) 0.062(6)

0.66(7)

t-J model

1990.1(1) 0.037(1)

0.090(5)

1.2(1)

fullerens

1991.2(1) 0.169(4)

0.030(2)

2.8(4)

Luttinger liquid

1993.1(3) 0.024(1)

0.032(5)

0.76(9)

giantmagnetores.
Andreev
reflection
critical
exponents
Bethe ansatz

1993.0(1) 0.049(2)

0.071(7)

3(1)

1993.0(6) 0.013(1)

0.014(8)

0.54(9)

1993(2)

0.163(7)

0.078(1)

0.10(1)

1994(1)

0.045(3)

0.08(1)

0.19(1)

composite
fermions
critical
phenomena
spin-charge
separation
Coulomb
blockade
nanotubes

1994.7(3) 0.022(2)

0.11(1)

1.4(3)

This model keeps only the main exponents for the growth
0.10(1)
1995(2)
0.096(4) 0.09(2)
and the decay part respectively, plus a constant P0 that is
the peak intensity while t0 is related to the position of the
1.0(4)
1999(1)
0.0125(1) 0.15(5)
maximum. We added a constant c not present in the initial
equation that will be discussed in the next section.
0.26(2)
1999(1)
0.069(6) 0.08(1)
Notice that this model does not apply to every research
topic, in fact there are some active fields that continue to
0.41(1)
2003.1(4) 0.57(4)
0.08(1)
grow without any sign of decay, as for instance research on
silicon, density functional theory, nanowires, and so on (see
Figure 3). Moreover this model can be easily generalized
to take into account more peaks as for instance in supercon- 4 Data Fit and Results
ductivity, where the different discoveries gave rise to a sum
of multiple curves, as the one in Figure 2, translated in time We suppose that the relevance of a research topic can be
and with different intensities.
evaluated from the number of papers published on that sub-
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ject. We extracted this number from the SAO/NASA Astrophysics Data System Abstract Service (SAS).[10] Since
the total number of papers published every year is exponentially growing, we normalized the number of papers of a
given research area with the total one in order to evaluate
the importance of each research topic. Also the normalization factor is obtained by the SAO/NASA database (see
Fig. 1). The data for the different topics were then fitted
with the model described by Eq. 6, where the constant c has
been always set to zero except for the case of ‘Superconductivity". In fact, in this case, there was already an active
research community working on “BCS" superconductivity
before the discovery of high-Tc superconductors boosted
again the number of papers. In order not to miss papers and
improve search results we included a list of synonymous
for each research area as for instance “superconductors, superconductor, superconductivity etc .̇.". The fit results are
reported in Table 1, where we renormalized the peak intensity with the one of ‘superconductivity", the largest peak in
our sample, in such a way to underline the relevance of each
sub-field. Selected data and relative fits are also plotted in
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Fig. 3.
Notice that recent research topics exhibit larger error bars
because we could fit only the beginning of the decay tail.
Moreover some active sub-fields as “graphene, topological
insulators, quantum computing, photovoltaic, etc . . . " are
still in the growing part of the curve or have just started to
decrease and this makes impossible to perform an accurate
fit with our model.
In Table 1, we report the different parameters entering in the
model that describes trends in condensed matter physics.
Unfortunately the results for the ↵ parameters are very
noisy due to the fast diffusion of new research topics in the
scientific community. This makes it more difficult to get an
accurate estimate for this exponent. Nevertheless we found
that ↵ is slowing increasing with time (t0 ), and this indicates a faster spread of ideas among scientists. This fast
spread can be explained by the fact that the structure of the
collaboration networks is scale-free[3] and in this kind of
networks there is a vanishing threshold to spread ideas and
trends.[4]

Figure 3: Number of papers for different research topics versus the years normalized to the total one in physics. The blue
solid lines represent the fitting curves, fitting parameters are reported in Table 1. In green two topics that do not
fit in our model.
Then we analyze the parameter. In Figure 4, we report the
parameter as a function of the position of the maximum,
1
which is given by tmax = t0 + ↵+
log( ↵ ), however, since
↵ is usually one or two order of magnitudes larger than ,
the position of the maximum can be in many cases approximated with t0 .
The parameter is related to the life-time of a research

topic. We found that there is a variation of this parameter
before and after 1995. In fact, we have an average life-time
of about 25 years before 1995 while the average life-time
drops to just 10 years in the last period.
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5 Conclusions and Open
Questions

For sure, there are different possibilities to improve the
present results that we have not considered yet, as for instance to extend this research to all physics branches, including more sources or combining lexical analysis with
In conclusion, we present a simple model to describe trends citation metrics. We hope this paper will stimulate future
in science and applied it to condensed matter physics. We research on diffusion, birth, and depth of trends in the scifound that different research topics are well represented by entists network.
our model. In particular topics that had limited applications
in research or industry. These topics show a fast growth followed by an exponential decay in publication ratio. On the Acknowledgments
contrary, other topics that became relevant for industry (as
silicon, transistors, lasers, etc.) and/or for basic research (as CA acknowledges Lorenzo Stella for useful discussions,
lasers, many-body perturbation theory, density functional and Elena Cannuccia for carefully reading this paper. This
theory . . . ) show a growth comparable or superior to the to- work has not been supported by any funding program.
tal number of publications in physics. We learn from these
results that while new topics spread in the scientific community in a few years, their decay time is of the order of
decades.
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Figure 4: The parameter as a function of tmax that represents the position of the maximum peak.
These results could be used for example to investigate “scientific bubbles"[16] or to discriminate between the importance of different sub-fields.[17] In fact one can expect that
‘bubbles" will have a different decay in time than real research sub-fields, and try to detect them. Then we analyzed
the ↵ and parameters that are related to the birth and death
of a research sub-field. We found an increase of both and
↵ with time. Unfortunately, the data are too noisy to model
this behavior and to draw reliable conclusions. Therefore
the question we posed in the title remains open: Is research
going faster and faster? Or in another way: Are trends in
condensed matter physics changing faster than in the past?
We have some indications but not a definite answer.
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