






In addition to the discovery that signalled the
birth of astronomy of high-energy neutrinos,
which has recently been confirmed, the
international team published a measurement
of neutrino oscillation parameters. These
characterise the transformation of the
neutrinos from one type (or flavour, which may
be electron, muon or tau) to another and
confirm that although their mass is very small
indeed, neutrinos are not massless. The
oscillation parameters reported by IceCube
were obtained by observing a reduction in the
flux of atmospheric muon neutrinos in a
particular direction and at certain energies,
using the most dense part of the detector’s
optical sensors. This subunit, called Deep
Core, is capable of recording neutrinos at
lower energies, starting from a few GeV. What
is relevant about this result is that it
demonstrates the potential for the use of 
neutrino telescopes in areas of research that
go well beyond astrophysics, in the race for
success against competition from “targeted”
experiments like Super-Kamiokande. And that
they also hold some surprises. IceCube is
also searching for neutrinos emerging from
the annihilation of dark matter (see page 27,
ed.) that has accumulated due to the
gravitational pull at the centre of celestial
bodies such as Earth, the Sun and our galaxy.
On the other hand, lowering the energy
threshold (the minimum detectable energy of
a neutrino) even further to below 10 GeV, it

would become possible to measure the mass
hierarchy of neutrinos, meaning the order of
the masses of the three neutrino flavours.
With this aim, a new and bigger team of
researchers are working on the PINGU project
to develop a dense core with another 40
strings in IceCube. At high energies, work is
being done to extend the sensitive volume of
IceCube by one order of magnitude (IceCube-
Gen2) to discover the source of the recently
glimpsed astrophysical signal.
For neutrino telescopes this is just the
beginning of an exciting new era and new
revolutionary discoveries are presumably just
around the corner.

c.
The IceCube laboratory at the
Amundsen-Scott South Pole
Station. The laboratory houses the
computers that collect the data.
Only events of interest are sent to
the University of Wisconsin -
Madison, where they are analysed
by physicists working on the
project.
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Web links

https://southpoledoc.wordpress.com/tag/icecube-neutrino-observatory/ 

http://www.km3net.org/home.php

http://baikalweb.jinr.ru
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Fundamental chords
The fascinating world of strings

by Marco Serone

Right now, the string theory is the most promising theory for
trying to resolve one of the biggest theoretical questions of
fundamental physics: how to integrate Einstein’s theory of
gravity (also known as the theory of general relativity) within the
framework of quantum mechanics. String theory was originally
developed in 1968 for a completely different purpose (to
understand strong interactions) by the Italian physicist Gabriele
Veneziano. It is based on the assumption that all the elementary
particles we can observe are nothing other than very small
vibrating strings. Just as the strings of a violin produce different
sounds depending on how they vibrate, so different oscillations
of strings correspond to different particles. Strings may be
closed or open and may even be tangled.
Some years after Veneziano developed his theory, it became
clear that strong interactions are explained by a different
theory, called quantum chromodynamics (QCD). Furthermore,
at around the same time, researchers observed that the

different string vibrations always included the graviton, i.e.
the particle responsible for gravitational interactions.
Abandoned as the theory of strong interactions, the string
theory thus acquired the more ambitious status of quantum
theory of gravity. Since then there have been several
important theoretical developments.
String theory, whose structure is somewhat complex, seems
to effectively bring together a series of ideas circulating in the
field of fundamental physics to explain a number of
unanswered questions, especially theoretical ones, which
scientists face in the framework of the theory of general
relativity and in the standard model of elementary particles.
One of its main characteristics is the prediction according to
which in the universe there cannot only be the three spatial
dimensions that we perceive (height, width and depth), but
there must be nine or ten dimensions, depending on which
variant of the theory you are considering.
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a.
As the chords of the violin produce
different sounds according to the way
in which they vibrate, similarly the
different oscillations of the strings
correspond to the different particles.
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We cannot perceive the six or seven extra dimensions because
they are wrapped around themselves on the smallest of scales
(physicists use the term compactified). To render the idea,
imagine a very long and rather narrow tube. If observed from a
distance, the tube looks like a one-dimensional object,
practically a simple line, whereas when observed from close by
through a lens or with a microscope, its two-dimensional
structure is visible.
Likewise, according to string theory, the extra dimensions are
so subtle they cannot be observed. In order to discover the
other dimensions, of which, incidentally, we do not know the
exact length, we need an instrument that is much more
powerful than the current LHC accelerator.
But why do we need these strings? Let me try to explain the
problem more clearly.
The theory of general relativity states that space, time, energy,
matter are all correlated, that is to say that spacetime, or
rather its curvature, is determined by the energy and matter it
contains. The spacetime curve is what we perceive as gravity.
The behaviour of matter over very short distances is instead
governed by quantum mechanics. Because gravity is by far
the weakest fundamental force that exists in nature, we can
disregard the minimum space curvature induced by the
elementary particles, when studying the infinitely small.
Likewise, we can forget about the quantum mechanics of
elementary particles, when studying macroscopic
phenomena. Thus, on one hand we have the theory of general
relativity, which describes macroscopic gravitational
phenomena, on the other, there is quantum mechanics, which
describes the infinitely small and is the basis for all other
forces of nature.
Both of these theories have been widely confirmed by
experiments, each within its own regime of validity (see. p.
11, ed.), in which the others do not have a role. However,
there are necessarily some energy and distance regimes in
which you cannot describe a physical phenomenon using only
one or the other theory. These regimes have not yet been
directly explored, but at vastly smaller distances (or hugely
higher energies) than those explored so far, gravity and
quantum mechanics will inevitably have to be considered
together. Although we do not as yet have any physical process
“at hand” that requires it, from a theoretical standpoint it is
absolutely essential that we understand how to combine
gravity with quantum mechanics. Such a combination does
not appear to be easy by any means. What makes string
theory promising is the fact that, in a certain sense, it
predicts the very existence of gravity, since the vibration of
the string that gives rise to the graviton is always present.
On the other hand, our theory has a basic problem: at the
moment, it is unclear what type of experiment could confirm or
refute its validity, and this is often a cause for criticism. But the
very fact that the theory comes into play in the extreme
regimes of nature, which are not easily accessible, inevitably
makes its experimental verification difficult. It should also be
added that, regardless of the actual existence of strings, many
theories have been developed within this branch of research
and then migrated to the benefit of other fields of theoretical
physics, so that, even only considering this aspect, the theory
can already be considered extremely fruitful.

In conclusion, since many aspects of strings have yet to be
clarified, it would be premature to try to establish whether the
theory is just an extremely complicated (albeit very useful, at
least from a theoretical perspective) mathematical invention or
whether it is indeed the “theory of everything” that unifies all
existing fundamental physics within a single context.
In any case, this is an ambitious concept without precedent in
the history of physics and, in the absence of any equally valid
alternative theories, the fascination and appeal of the string
theory among theoretical physicists is entirely understandable.
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Web links

http://www.stringwiki.org/wiki/String_theory_for_non-physicists 

b.
Two-dimensional projection of a
compact space known as Calabi-
Yau. This is a very popular type of
space in the string theory. As can
be seen from the figure, the six
extra dimensions in these types of
spaces are generally rolled together
in a very complicated way.
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[as] intersections 

They are us.
by Kip Thorne

theoretical physicist and scientific adviser for the film Interstellar

Christopher Nolan’s recent film Interstellar is full of new physics.
And that is no coincidence. Kip Thorne, a world-renowned expert
in general relativity from the California Institute of Technology,
agreed to act as scientific adviser for the film on condition that
the scenes were consistent with present-day physical theories, or
at least inspired by theoretical assumptions that are currently a
research subject in physics: “educated guesses” that are not
altogether unfounded (ideas that could actually become new laws
of physics one day), or even outright speculations, but such that
scientists of his standing could regard as plausible. Thorne
himself wrote a book (The Science of Interstellar, published by
W.W. Norton & Company) that was released with the film. An
excerpt is published below.

For the film, Thorne imagines something that many physicists have
actually suggested (see for example p. 42), namely that spacetime
contains additional space dimensions: it is what theoretical
physicists refer to as a bulk, within which there is a sub-spacetime
(physicists call this a brane, from “membrane”) with three space
dimensions and one time dimension, corresponding to the
spacetime in which we live (see left of fig. a). For Interstellar,
Thorne imagines that there is only one extra dimension: the bulk is
thus composed of five dimensions, of which four space dimensions
and one time dimension. Strange beings, called “They” in the film,
have managed to understand and overcome the gravitational
anomalies that affect the Earth. But who are “They” and how
convincing is all this? (Warning, this text contains spoilers!)

In 1844 Edwin Abbott wrote a satirical
novella titled Flatland: A Romance of
Many Dimensions. Though its satire on
Victorian culture seems quaint today and
its attitude toward women outrageous,
the novella’s venue is highly relevant to
Interstellar. I recommend it to you. 
It describes the adventures of a square-
shaped being who lives in a
two-dimensional universe called Flatland.
The square visits a one-dimensional
universe called Lineland, a zero-
dimensional universe called Pointland,
and most amazing of all to him, a three-
dimensional universe called Spaceland.
And, while living in Flatland, he is visited
by a spherical being from Spaceland. 
In my first meeting with Christopher
Nolan, we were both delighted to find
the other had read Abbott's novella and
loved it.
In the spirit of Abbott's novella, imagine
that you are a two-dimensional being, like
the square, who lives in a two-
dimensional universe like Flatland. Your
universe could be a tabletop, or a flat

sheet of paper, or a rubber membrane. In
the spirit of modern physics, I refer to it
as a two-dimensional (2D) brane. 
Being well educated, you suppose there
is a 3D bulk, in which your brane is
embedded, but you’re not certain.
Imagine your excitement when one day
you are visited by a sphere from the 3D
bulk. A “bulk being”, you might call him. 
At first you don't realize it's a bulk being,
but after much observation and thought,
you see no other explanation. What you
observe is this: Suddenly, with no
warning and no apparent source a blue
point appears in your brane. It expands to
become a filled blue circle that expands
to a maximum diameter, then gradually
shrinks to a point and disappears
completely (see right of fig. a). […]
If there are bulk beings, what are they
made of? Certainly not atom-based
matter like us. Atoms have three space
dimensions. They can only exist in three
space dimensions, not four. And this is
true of subatomic particles as well. And
it is true also of electric fields and

magnetic fields and the forces that hold
atomic nuclei together. 
Some of the world’s most brilliant
physicists have struggled to understand
how matter and fields and forces behave
if our universe really is a brane in a
higher dimensional bulk. Those struggles
have pointed rather fìrmly to the
conclusion that all the particles and all
the forces and all the fields known to
humans are confined to our brane, with
one exception: gravity and the warping of
spacetime associated with gravity. 
There might be other kinds of matter and
fields and forces that have four space
dimensions and reside in the bulk. But if
there are, we are ignorant of their nature.
We can speculate. Physicists do
speculate. But we have no observational
or experimental evidence to guide our
speculations. In Interstellar, on Professor
Brand’s blackboard, we see him
speculating. 
It’s a reasonable, half-educated guess
that, if bulk forces and fields and
particles do exist, we will never be able

       44asimmetrie 18 / 2015 / #newphysics

INFN InternING 18.qxp_Layout 1  05/11/15  18:20  Pagina 44



to feel them or see them. When a bulk being
passes through our brane, we will not see the
stuff of which the being is made. The being’s
cross sections will be transparent. 
On the other hand, we will feel and see the
being’s gravity and it’s warping of space and
time. For example, if a hyperspherical bulk
being appears in my stomach and has a
strong enough gravitational pull, my stomach
may begin to cramp as my muscles tighten,
trying to resist getting sucked to the center of
the being’s spherical cross section. […]
All the characters in Interstellar are convinced
that bulk beings exist, though they use that
name only rarely. Usually, the characters call
the bulk beings “They”. A reverential They.
Early in the movie, Amelia Brand says to
Cooper, “And whoever They are, They appear
to be looking out for us. That wormhole lets
us travel to other stars. It came along right as
we needed it”. 
One of Christopher Nolan’s clever and
intriguing ideas is to imagine that They are
actually our descendants: humans who, in the
far future, evolve to acquire an additional
space dimension and live in the bulk. Late in
the movie, Cooper says to TARS, “Don’t you
get it yet, TARS? They aren’t beings. They’re
us, trying to help, just like I tried to help
Murph”. TARS responds, “People didn't build
this tesseract” (in which Cooper is riding).
“Not yet”, Cooper says, “but one day. Not you
and me but people, people who’ve evolved
beyond the four dimensions we know”. 

Cooper, Brand, and the crew of the Endurance never actually feel or see our
bulk descendants’ gravity or their space warps and whirls. 
That, if it ever occurs, is left for a sequel to Interstellar. But older Cooper
himself, riding through the bulk in the closing tesseract, reaches out to the
Endurance’s crew and his younger self, reaches out through the bulk, reaches
out gravitationally. Brand feels and sees his presence, and thinks he is They.

Copyright © 2014 by Kip Thorne.
With permission of the publisher, W. W. Norton & Company, Inc. All rights reserved.

a.
Schematic diagram of a two-
dimensional brane immersed in a
three-dimensional bulk. On the
right, a “bulk being” passing
through the brane.
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b.
From left to right, David Gyasi (who
interprets the astronaut Romilly),
Kip Thorne, Anne Hathaway
(Amelia Brand in the film), Jessica
Chastain (Murphy Cooper), Michael
Caine (professor Brand) and
Stephen Hawking (friend of Kip
Thorne, who’s life recently has
been showed in the film The Theory
of Everything) during the preview of
Interstellar in London.
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The new, a hundred years ago.
by Giuseppe Giuliani

physics historian

The expression “new physics”, which is the name given today
to the set of theories and phenomena that go beyond the
standard model of fundamental interactions, was first used
about a century ago.
In the late nineteenth century, mechanics, thermodynamics
and electromagnetism constituted the theoretical foundations
of physics. Within just a few years, the study of electrical
conduction in rarefied gases, which began in the mid-
nineteenth century, gave rise, directly or indirectly, to a number
of important discoveries: X-rays (1895), natural radioactivity
(1896), the electron (1897). It was with reference to these
phenomena that Augusto Righi, the most famous Italian
experimental physicist of the time, coined the term “The New
Physics” for the title of a conference held in 1912 at the Italian
Society for the Advancement of Science (Società Italiana per il
Progresso delle Scienze - SIPS). These annual meetings were
an important opportunity for interdisciplinary discussion and
dissemination of the results of scientific research.

Starting from the early 1900s there were a host of new
discoveries in physics. In 1900, Max Planck introduced the
“constant of nature” h (later designated with his name) in a
successful – though not altogether precise (as Einstein argued
in 1906) – attempt to explain the radiation in a hollow body
when thermal equilibrium is attained (“black body” radiation),
later (1905-1907) interpreted by Einstein as the source of
discontinuity in the distribution of energy in different physical
systems: beams of light and atoms that oscillate in crystals
around their equilibrium positions. According to Einstein, light,
under certain conditions, could be described as consisting of
“light quanta” (later called photons), whose energy was linked,
through Planck’s constant (h), to the frequency of light
described as an electromagnetic wave.
In 1911, Ernest Rutherford showed that atoms, in addition to
electrons, contain a positively charged nucleus. In 1913, Niels
Bohr, on the basis of the atomic model of Rutherford and
assuming (with the use of the constant h) that the energy of
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a.
Augusto Righi coined the term “new
physics” in 1912, referring to the
discoveries of the late nineteenth
and early twentieth centuries.
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the electron of the hydrogen atom could only assume discrete
values, found an explanation for the electromagnetic radiation
emitted or absorbed by the atom, surprisingly in agreement
with the experimental data obtained some time earlier. In the
meantime (1912), Max von Laue demonstrated that crystalline
solids act as diffraction gratings for X-rays, thus opening the
way for experiments to study crystalline structures. Incidentally,
this technique eventually led to the discovery of the DNA
structure (1953).
In parallel, Einstein worked on Newtonian dynamics and gravity
to develop, respectively, the special theory of relativity (1905)
and general relativity (1916).
This led to a thorough review of the concept of matter: atoms,
regarded as a heuristic hypothesis in the nineteenth century,
became the subject of direct experimental and theoretical study.
In the following decades, quantum mechanics, quantum
electrodynamics and quantum chromodynamics emerged as

powerful tools in theoretical investigations of atomic and
subatomic phenomena. Knowledge about the microscopic world
also opened new avenues for understanding cosmic phenomena
and drafting a model to explain the origin of the universe.
Since the end of World War II, experimental research has
increasingly gone hand in hand with technology to the point
that we can now speak of “techno-science”: scientific
investigation relies on the products of technology, which are, in
turn, fuelled by new knowledge. Alongside problems associated
with the need for social control over technology are those due
to the persistence of irrational beliefs, the legacy of past
centuries, that constantly re-ignite antiscientific attitudes.
Scientists too must take part in this cultural battle by
disseminating their knowledge and promoting what, a century
ago, when “new physics” was born, Vito Volterra, founder of
the SIPS and some of the most important scientific institutions
in Italy, called “scientific sentiment”.
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b.
Max Planck (left) awards the “Max
Planck medal” of the German
Society of Physics to Albert Einstein
in Berlin on June 28, 1929.
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Browsing information about the Higgs boson or the search
for new physics instead of the latest photos of friends’
holidays? Nothing could be simpler, if you have downloaded
the new The Particle Adventure app available free since last
November for iOS and Android.
The history of The Particle Adventure goes back a long way.
It was in 1989 when the first version was written using
HyperCard, a program for writing hyper texts before the
advent of the World Wide Web. In an era when the word
“neutrino” was almost only heard among specialists and the
Higgs boson had not yet filled the front pages of
newspapers around the world, The Particle Adventure was
the first attempt to make the standard model of particles
and the knowledge that had led to its formulation accessible
to a wide audience. In 1995 the program was converted into
a website, http: //www.particleadventure.org/, which
received nearly five million visits in the first year and has
continued to be among the sites most frequently visited by
students and onlookers from all over the world. The website
is available in various languages.

The creation of the app (funded by the US Energy
Department and for now only available in English)
is another step in spreading the fundamental ideas of
physics and will also be very useful for students studying
modern physics in the last year of high school.
The most important discoveries and ideas of recent
decades, from quarks to the Higgs boson, from neutrinos to
the unification of fundamental forces, are organised in five
main courses: “The Standard Model”, “Accelerators and
particle detectors”, “Higgs boson discovered”, “Exploring
unsolved Mysteries” and “Particle decays and annihilations”.
The contents of the app were developed by physicists with
expertise in various sectors, while the design, graphics and
especially the humorous parts were developed by physics
students. And they appear to have done an excellent job, if
you think that one teacher, who was very sceptical at first
about teaching modern physics at high-school, said that The
Particle Adventure made him change his mind, because the
careful blend of humour, graphics and science caught the
students’ attention and kept them happily clicking on their
smartphones. [Barbara Sciascia] 

To download The Particle Adventure app:
https://play.google.com/store/apps/details?id=gov.lbl.physics (Android)
https://itunes.apple.com/us/app/the-particle-
adventure/id924683946?ls=1&mt=8 (iOS)

[as] illuminations

Just a click away.
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The laboratories of the Italian National Institute
for Nuclear Physics are open to visitors.

The laboratories organize free tours for
schools and the general public on request
and by appointment.
Visits last about three hours and include
an introductory seminar on the activities
of the INFN and the laboratory
and a tour of the experiments.

INFN laboratory
contact details:

Frascati National Laboratory (LNF) 
T + 39 06 94032423
/ 2552 / 2643 / 2942
sislnf@lnf.infn.it
www.lnf.infn.it

Gran Sasso National Laboratory (LNGS)
T + 39 0862 4371
visits@lngs.infn.it
www.lngs.infn.it 

Legnaro National Laboratory (LNL)
T + 39 049 8068342 356
direttore_infn@lnl.infn.it 
www.lnl.infn.it 

Southern National Laboratory (LNS)
T + 39 095 542296
sislns@lns.infn.it
www.lns.infn.it

www.infn.it

See also the website
www.asimmetrie.it
(only in Italian).

Asimmetrie is also an app,
with lots of additional multimedia content
(only in Italian). 
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