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Paul Gauguin-Where Do We Come From? What Are We? Where
Are We Going?

The context

We took a cruise on the
Rhine River with Scientific
American, starting in
Amsterdam with stops in
Germany, France and
Switzerland
●At the end of the cruise, we
took a tour of CERN and the
Large Hadron Collider
●

A Cosmic Voyage Through the Universe
PÅL BREKKE, PH.D.
The Stormy Sun
The Northern Lights
Does the Sun Contribute to Climate Change?
Medicine in the Ancient World
PATRICK HUNT, PH.D.
Science in Archaeology
Climatic Problems, Famine, Disease, War, and
Mass Death in History
Tracking Hannibal
Quantum Questions
FRANK LINDE, PH.D.
Past and Present at CERN
Particle Physics Matters
Astroparticle Physics
Multicolor Painting of Proteins
NOAH ISAKOV, PH.D.
Malaria and the Quest For an Effective Vaccine
Requirements for Inter-Cellular Communication
Networks
Antibodies as ‘Guided Missiles’ in Cancer
Immunotherapy

The cruise covered the key sights along the Rhine

Our trip to CERN LHC
●
●

●

●

A day trip from Geneva
We visited CERN
headquarters, a control room
and the Compact Muon
Solenoid (CMS)
CMS uses a generalpurpose detector to
investigate a wide range of
physics, including the search
for the Higgs boson, extra
dimensions, and particles that
could make up dark matter.
Same scientific goals as the
ATLAS experiment but uses
different technical solutions

Hadrons are any of a class of subatomic
particles that are composed of quarks and
take part in the strong interaction; neutrons
and protons

Reception area for the general public

Our special access included a lecture by the senior public outreach officer on the
status of the Higgs boson

The local geography

27 km
circumference

A quick history of CERN
●
●

●
●

●

●

Established in 1954, the organization has twenty European member states.
2,400 full-time employees and 10,000 visiting scientists and engineers representing 608 universities
and research facilities and 113 nationalities.
Member states' contributions to CERN total about a 1 billion € per year
Several important achievements in particle physics have been made during experiments at CERN.
They include:
●
1973: The discovery of neutral currents in the Gargamelle bubble chamber
●
1983: The discovery of W and Z bosons in the UA1 and UA2 experiments More on this later
●
1989: The determination of the number of light neutrino families at the Large Electron–Positron
Collider (LEP) operating on the Z boson peak.
●
1995: The first creation of antihydrogen atoms in the PS210 experiment
●
1999: The discovery of direct CP violation in the NA48 experiment
●
2010: The isolation of 38 atoms of antihydrogen
●
2011: Maintaining antihydrogen for over 15 minutes
Awards
●
1984 Nobel Prize in physics was awarded to Carlo Rubbia and Simon van der Meer for the
developments that led to the discoveries of the W and Z bosons.
●
1992 Nobel Prize in physics was awarded to CERN staff researcher Georges Charpak "for his
invention and development of particle detectors, in particular the multiwire proportional
chamber."
WWW
●
Tim Berners-Lee and Robert Cailliau were jointly honored by the Association for Computing
Machinery in 1995 for their contributions to the development of the World Wide Web.
●
The first website went on-line in 1991. The original first web page, created by Berners-Lee, is still
published on the World Wide Web Consortium's website as a historical document

CERN capabilities
Neutrinos
●

Makes 17-GeV and 28-GeV muon neutrinos, sent 730 kilometers (454 miles) from CERN near
Geneva, Switzerland to the Gran Sasso National Laboratory in Italy,

Particle accelerators
●
●

●

●

●

●

●

CERN operates a network of six accelerators and a decelerator.
Two linear accelerators generate low energy particles including protons for injection into the
Proton Synchrotron Booster (PSB), and Linac3 provides heavy ions at 4.2 MeV/u for injection
into the Low Energy Ion Ring (LEIR).
The Low Energy Ion Ring (LEIR) accelerates the ions from the ion linear accelerator, before
transferring them to the Proton Synchrotron (PS). This accelerator was commissioned in 2005,
after having been reconfigured from the previous Low Energy Antiprot
The 28 GeV Proton Synchrotron (PS), built in 1959 and still operating as a feeder to the more
powerful SPS.
The Super Proton Synchrotron (SPS), a circular accelerator with a diameter of 2 kilometres built
in a tunnel, which started operation in 1976. Since 2008, it has been used to inject protons and
heavy ions into the Large Hadron Collider (LHC).
The Antiproton Decelerator (AD), which reduces the velocity of antiprotons to about 10% of the
speed of light for research into antimatter.
The Compact Linear Collider Test Facility, which studies feasibility issues for the future normal
conducting linear collider project.

Large Hadron Collider
●

The LHC tunnel is located 100 metres underground, in the region between the Geneva airport
and the nearby Jura mountains. It uses the 27 km circumference circular tunnel previously
occupied by LEP which was closed down in November 2000. CERN's existing PS/SPS
accelerator complexes will be used to pre-accelerate protons which will then be injected into the
LHC.

The CERN complex

The key experiments

ALICE (A Large Ion Collider Experiment) is optimized to study heavy ion collisions. Pb-Pb
nuclei collisions will be studied at a center of mass energy of 2.76 TeV per nucleon. The
resulting temperature and energy density are expected to be large enough to generate a
quark-gluon plasma, a state of matter wherein quarks and gluons are deconfined.

Compact Muon Solenoid (CMS) More on this through the rest of the lecture
●Explore physics at the TeV scale
●Discover the Higgs boson
●Look for evidence of physics beyond the standard model, such as supersymmetry, or extra
dimensions
●Study aspects of heavy ion collisions.
ATLAS is designed to measure the broadest possible range of signals. This is intended to
ensure that, whatever form any new physical processes or particles might take, ATLAS will
be able to detect them and measure their properties. Unlike its predecessors, it can deal
with the unprecedented energy and extremely high rate of collisions—require ATLAS to be
larger and more complex than any detector ever built.
Large Hadron Collider beauty (LHCb) experiment will help us to understand why we live in a
Universe that appears to be composed almost entirely of matter, but no antimatter. It
specializes in investigating the slight differences between matter and antimatter by studying
a type of particle called the 'beauty quark', or 'b quark'. An abundance of different types of
quark will be created by the LHC before they decay quickly into other forms. To catch the bquarks, LHCb has developed sophisticated movable tracking detectors close to the path of
the beams circling in the LHC.

Current beam energy is 8 TEV

Standard Model 1
●
●

Explains everything we 'see' and integrates all forces except gravity
Key points
●
Forces are mediated by 'particles' including the following
– Photons for electromagnetism (electronics and any other charged
particles that interact)
– Gluons for the strong force
– Gravitons for gravity
– W and Z bosons for the weak force
●
There are undetected particles associated with the following force
– Accelerated expansion of the universe through the action of 'antigravity' at large scales
●
All ordinary matter is made up of just 3 particles; electrons and the
up and down quarks
●
All particles decay until they become members of a stable set that
includes electrons, quarks and the (so far) undetected supersymmetric
particles
●
The gluons that mediate the formation of protons and neutrons (and
other particles) are generally confined to their parent particle but, like
teenagers, they tend to sneak out a bit and interact with other nucleons.
This 'leakage' provides the strong force in atomic nuclei.

Standard Model 2

Strangeness and Isospin help organize the standard
model
Mass (MeV)
1232
1384
1533
1672
Combinations of three u, d or squarks forming baryons with spin 3⁄2
form the baryon decuplet.

Combinations of three u, d or squarks forming baryons with
spin 1⁄2 form the baryon octet

Mesons of spin
0 form a nonet

The Standard Model is very good; why do we have to do
more experiments?
●

●

●

●

●

Rediscover the Standard Model
●
Confirm the old. LHC will produce familiar particles in prodigious numbers (several top
quarks per second, for example) and scrutinize them with increasing refinement. Not only
does this test the machine and its instruments, it sets precise benchmarks for determining
whether new phenomena are indeed new.
Determine what breaks the electroweak symmetry
●
The collider will seek the Higgs boson (or what stands in its place) and determine its
properties. Does the Higgs provide mass not only to the W and Z particles but also to the
quarks and leptons?
Search for new forces of nature
●
New force particles would decay into known particles such as electrons and their antimatter
counterparts, positrons. Such forces would indicate new symmetries of nature and might
guide physicists toward a unified understanding of all the interactions.
Produce dark matter candidates
●
By observing neutral, stable particles created in high-energy collisions, the collider could
help solve one of astronomy’s greatest puzzles and test researchers’ understanding of the
history of the universe.
Above all, explore!
●
The collider will examine its immense new domain for evidence of hidden spacetime
dimensions, new strong interactions, supersymmetry and the totally unexpected. Physicists
will have to be attentive to connections among today’s great questions and alert to new
questions the collider will open up.

From http://www.scientificamerican.com/article.cfm?id=5-goals-for-the-lhc

Supersymmetry (SUS)
●

●

The next goal is to find and characterize the supersymmetric particles that will allow the
Standard Model (SM) to work at spatial scales where fermions and bosons can be described by
the same equations and that the equations are unchanged when these particles are replaced by
one another.
Here are some key problems that SUS might be able to solve
●
The Standard Model cannot fully explain the Higgs fields and their role in endowing
particles with mass
●
Finalize the theory of the top quark, which was predicted by SUS
●
Allow a future theory to reach all the way to the Planck scale, which is 1017 smaller than the
scale of applicability of the SM; another way to think of this is that the SM should predict
particles with either zero mass or the Planck mass. It does neither.
●
Finish the work of integration of the electromagnetic, weak and strong forces. SM comes
close to doing this but fails at smaller distances. SUS integrates these forces down to 100
times the Planck length
●
SUS particles are unstable; finding the lightest superpartner (LSP) (a class of particles
predicted by SUS) would be a breakthrough. The LSP could be 'dark matter' which only
experience gravity and the weak force. Their existence could change our view of
astronomy.
●
Possible integration of all the forces near the Planck scale. SUS has elements that
describe gravity at this scale, a place that probably cannot be explored with human-created
particles.
●
Other topics that SUS is being applied to
– Understanding why the universe is mostly matter,
not
anti-matter
●
http://scaleofuniverse.com/
– Predicting the lifetime of protons
Supersymmetry by Gordon Kane
Perseus Publishing
2000
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available references
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c5/G that appear in the equations of
general relativity” by L. Kostro

a=1/2
b=1 /2
c=−3/2

http://www.philinst.hu/~szekely/PIRT_BP_2/papers/ko
stro_09_ft.doc

From Wikipedia, “...approximately equaling the energy stored in an
automobile gas tank. A sphere 1 Planck length in diameter, containing 1
unit of Planck energy, will result in a tiny (and very hot) black hole.”
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http://einstein.drexel.edu/~bob/Chapters/dimensional3.pdf

Physics of the Higgs boson
●

●

Fields have particles that enable their actions
●
Electromagnetism has photons
●
Gravity has gravitons
●
The Higgs field has the Higgs boson; the Higgs field is
imagined to enable mass in particles.
Higgs postulates that a field permeates space, giving all
elementary subatomic particles that interact with it their
mass.
●
In December 2011 CERN reported that two independent
experiments at the Large Hadron Collider had seen
"tantalising hints" of the existence of the Higgs boson.
●
Particle physicists expected the weak gauge bosons (W
and Z) to be massless particles. Instead, these bosons
have been shown by experiment to have substantial
mass. The Higgs boson was postulated to explain this
mass.
●
According to the hypothesis, the Higgs field slows down
the weak gauge bosons (the W and Z), which would
otherwise travel at the speed of light. This slowing down
gives the bosons an effective mass.
●
This explains why the weak gauge bosons are not
massless particles.

Peter Higgs continues to
comet to CERN at age 83!

The particle zoo defined by the Standard Model

http://www.pbs.org/wgbh/nova/elegant/part-nf.html

Additional particles predicted by Supersymmetry

http://www.pbs.org/wgbh/nova/elegant/part-nf.html

Yet another view of the how the Standard Model can be
extended
Supersymmetry extends the Standard Model by adding
additional symmetries that exchange fermionic particles
with bosonic ones.
●Such a symmetry predicts the existence of
supersymmetric particles, abbreviated as sparticles,
which include the sleptons, squarks, neutralinos, and
charginos.
●Each particle in the Standard Model would have a
superpartner whose spin differs by 1/2 from the ordinary
particle.
●The sparticles are much heavier than their ordinary
counterparts; they are so heavy that existing particle
colliders would not be powerful enough to produce them.
However, some physicists believe that sparticles will be
detected when the Large Hadron Collider at CERN begins
running.
●

●

http://cms.web.cern.ch/news/cms-search-standard-model-higgs-boson-lhc-data-2010-and-2011

●

http://en.wikipedia.org/wiki/Elementary_particle

http://www.pbs.org/wgbh/nova/elegant/part-nf.html

The unexpected glutino SUS particle was found to have
real applications!

CMS is the focus of the rest of the talk

The CMS Tracker
●

●

●

●

●

Charged particles, like electrons and protons,
leave behind trails when passing through
certain substances.
Trackers enable the trajectory of each
particle to be recorded.
The silicon tracker, which is placed close to
the beam pipe, uses silicon microstrip
detectors to detect passing particles.
Charged particles collide with silicon atoms,
liberating electrons and creating an electric
current, which indicates the path of the
original particle.
Facts
●
More than 15000 silicon modules and a
total active detector area of about a
tennis court

The LHC is ultimately expected to operate at L = 10 34
cm-2 s−1 and the CMS detector has been designed to
cope with the high radiation and event rates expected
at this luminosity.
●This equates to about 200 collisions per 25
nanoseconds, producing about 1200 charged tracks
●Key elements of the current detector will not survive
more than a few years at full LHC intensity. Therefore,
the CMS silicon tracker will have to be completely
rebuilt.
●There are several engineering challenges, such as
providing efficient cooling to ensure radiation hardness,
achieving high mechanical stability of the multi-material
compound modules under temperature variations, and
strongly reducing the material budget compared to the
current module design
●

The silicon strip tracker of CMS. The curvature of
charged particle tracks in the magnetic field allows
their charge and momentum to be measured.
http://indico.cern.ch/getFile.py/access?resId=1&materialId=6&confId=a042938
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Calorimeters
●

●

●

●

The calorimeter system is designed to stop particles as they pass through the detector, measuring the amount of energy lost as
each one grinds to a halt.
The electromagnetic calorimeter is responsible for measuring the energy of lighter particles, such as electrons and photons,
while the experiment's hadron calorimeter samples the energy of protons, neutrons and other particles containing quarks.
Both calorimeters have a sandwich-like structure, with alternating layers of metal and plastic plates. When particles hit the
metal plates, they produce showers of secondary particles. These, in turn, excite polystyrene molecules within the plastic
plates, which emit ultraviolet light. The amount of UV produced is proportional to the energy of the particles entering the
calorimeter.
Calorimeters provide the main way of identifying particles that possess no electrical charge, such as photons and neutrons.

The Electromagnetic Calorimeter (ECAL) is
designed to measure with high accuracy the
energies of electrons and photons. It uses
crystals of lead tungstate, an extremely dense
but optically clear material, ideal for stopping
high energy particles. The barrel region
consists of 61,200 crystals, with a further 7,324
in each of the endcaps.
●The purpose of the Hadronic Calorimeter
(HCAL) is both to measure the energy of
individual hadrons produced in each event, and
to be as near to hermetic around the interaction
region as possible to allow events with missing
energy to be identified.
●The HCAL consists of layers of dense material
(brass or steel) interleaved with tiles of plastic
scintillators, read out via wavelength-shifting
fibres by hybrid photodiodes.
●The brass used in the endcaps of the HCAL
used to be Russian artillery shells.
●

Half of the Hadron Calorimeter
http://en.wikipedia.org/wiki/Compact_Muon_Solenoid

Hadronic calorimeter
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Electromagnetic calorimeter
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Example collisions

Baby, it's cold in there!

Little details
●

●

●

●

●

Accident and recovery of LHC
●
Initial particle beams were injected August 2008. In September, the system failed because of a faulty
magnet connection.
●
The LHC resumed its operation in November 2009 by successfully circulating two beams, each with an
energy of 3.5 trillion electron volts.
●
LHC revved up to 8 TeV (4 TeV acceleration in both directions) in March 2012
●
At the end of 2012 the LHC will be shut down for maintenance for up to a year, to strengthen the huge
magnets inside the accelerator. It will then attempt to create 14 TeV events.
Roman lead is used in the most sensitive experiments to avoid radioactivity induced by cosmic rays
(http://cerncourier.com/cws/article/cern/42702);
●
Twenty years ago, an amateur scuba diver in Sardinia found a navis oneraria magna – a 36-m Roman
ship dating back more than 2000 years, to between 80 and 50 BC – whose cargo consisted of a 1000
lead forms.
●
During 2000 years, one of the radionuclides, 210Pb, decreased by approximately 100,000 times. The
210Pb, which has a half-life of 22 years, has by now practically disappeared from the ancient Roman
lead.
●
The Cryogenic Underground Observatory for Rare Events (CUORE), in INFN's Gran Sasso National
Laboratory (LNGS) will use over 200 of these lead bricks.
●
The parts of the bricks that contain inscriptions will be removed and conserved; the remainder will be
cleaned of incrustations and melted to construct the shield
●
The bricks will be used to discover the extremely rare process of neutrinoless double-beta decay, which
would allow researchers to measure directly the mass of neutrinos
Faster-than-light neutrino anomaly was resolved; the results were flawed due to incorrectly connected GPSsynchronization cable.
Funny story-Mariastella Gelmini, the Italian minister of Public Education and Scientific Research,
complimented the researchers for the recent (supposed) discovery of faster-than-light neutrinos. Her press
release mentions that Italy funded the construction of a 'tunnel between the CERN [in Geneva] and Gran
Sasso [the labs in Central Italy].'
What is a gigajoule? (the energy of the magnetic field in the CMS magnet)
●
A large car (1000 kg) going 1.4 km/sec (the speed of sound)

CMS under construction

This is big business
"Our motto is: no short cuts... exchanging a single component
which today is cold, is like bringing it back from the Moon. It takes
about three to four weeks to warm it up. Then it takes one or two
weeks to exchange. Then it needs three to six weeks to cool down
again. So, you see, it is three months if we make a mistake."
http://www.dailygalaxy.com/my_weblog/2008/07/cerns-large-had.html

During our visit, the beam was on but
CMS was having trouble. I
eavesdropped during a telephone call to
headquarters when operators were
heard to say, “Life is not good here. How
could anyone do something so stupid?”

The beam is down the hall to the left!

Other views of CERN

And some more pictures

Vertex LOcataor (VELO)
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Beam pipe inside RICH1 and magnet
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Beam pipe between trackers inside magnet
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Inner and outer tracker
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Mirrors of RICH2
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Muon system
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Finis
●

So, a neutron walked into a bar and said "I’d like a beer, please."

●

After the bartender gave him one, he said "How much will that be?"

●

"For you?" said the bartender "No charge."

Detector
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Detector
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Construction of calorimeter and muon systems
PRS, SPD
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CMS
●

●

●

●

The CMS detector is built around a huge solenoid magnet. This
takes the form of a cylindrical coil of superconducting cable that
generates a magnetic field of 4 to 5 teslas, about 100 000 times
that of the Earth.
The magnetic field is confined by a steel 'yoke' that forms the
bulk of the detector's weight of 12 500 metric tonnes.
An unusual feature of the CMS detector is that instead of being
built in-situ underground, like the other giant detectors of the
LHC experiments, it was constructed on the surface, before
being lowered underground in 15 sections and reassembled.
More than 2000 scientists collaborate in CMS, coming from 155
institutes in 37 countries (October 2006).
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News to pursue
●

http://cerncourier.com/cws/article/cern/49340

http://cerncourier.com/cws/article/cern/49339
●

http://arxiv.org/pdf/1202.1000v1.pdf

●

http://arxiv.org/pdf/1204.3774.pdf

