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The world we cannot see : 
neutrinos ,

microwave background ,
cosmic rays
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Our understanding 
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If the Earth is like an atom,
a city is like a nucleus ...

a human is like a quark ...



Gold foil experiment

Ernest 
Rutherford, 

1911



Discovery of the top quark

Fermilab, Chicago, 1995

Lifetime 10-24 seconds!



Large Hadron Collider

Now running collisions at 8 TeV !
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Excitement as Higgs boson seminar set
to announce latest LHC findings
Two teams at the Large Hadron Collider (LHC) will go public with

their latest results in the search for the Higgs

The magnet core of the CMS detector at the LHC. Physicists are close to confirming or ruling out the Higgs boson.

Photograph: AP

The runup to Christmas looks exciting for the Large Hadron Collider at Cern near

Geneva. Staff at the laboratory have arranged a special seminar on Tuesday 13

December at which the latest results in the search for the Higgs boson will be made

public. The presentation is due to happen directly after the lab's scientific policy

committee has convened one of its regular meetings behind closed doors.

So what can we expect to hear? The two main groups that hunt the Higgs boson, the

Atlas and CMS detector collaborations, will describe their results separately, unlike the

recent combined figures put out this month in Paris. There has been too little time to

merge the most up-to-date results from both experiments.

If both teams have analysed all their data, up to the last proton-proton collision

recorded in October this year, we are into interesting territory. John Ellis, a theoretical

physicist at King's College London, who in 1976 wrote the first paper on how to find

the Higgs boson, says that if the particle exists in the simple form invoked by the

Standard Model (the set of equations that describe how known particles interact) it

should start to show up in their data, but probably not strongly enough for them to

claim a discovery. If the elusive boson is a mirage, the scientists should be able to rule

it out completely. All of this is contingent on their having analysed every last bit of

their data, though, and that is unlikely.

It might turn out that one experiment sees a hint of a signal and the other sees

nothing. In that case, the existence of the Higgs boson looks doubtful. But if both see

hints, the key issue will be whether the signals match up, that is do they point to a
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It's in there somewhere! World of physics
ecstatic as first hard evidence of God particle
is found by CERN researchers

The Higgs boson helps glue the universe together, but it has never been

observed - until now

By Rob Waugh and Ted Thornhill
UPDATED: 12:43 GMT, 14 December 2011

One of CERN's most senior physicists this afternoon announced firm evidence for the existence of the
elusive Higgs Boson, or God particle.

Although the signal doesn't meet strict scientific standards for a 'full scientific discovery', it's still enough for
researchers at CERN'S Large Hadron Collider (LHC) to predict a discovery next year.

Two separate teams of scientists have been running independent experiments in secret from each other in
order to improve the veracity of the results with the team leader of one, Fabiola Gianotti, proclaiming that
they believe they've found signs of the Higgs boson in the past year.

A typical 'candidate event' for the Higgs boson, including two high-energy photons
whose energy (depicted by red towers) is measured by CMS. The yellow lines are the
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Has OPERA found super-
speedy neutrinos?
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News

Particles break light-speed limit

Neutrino results challenge cornerstone of modern physics.

Geoff Brumfiel

An Italian experiment has unveiled evidence that fundamental

particles known as neutrinos can travel faster than light. Other

researchers are cautious about the result, but if it stands further

scrutiny, the finding would overturn the most fundamental rule of

modern physics — that nothing travels faster than 299,792,458

metres per second.

The experiment is called OPERA (Oscillation Project with

Emulsion-tRacking Apparatus), and lies 1,400 metres underground

in the Gran Sasso National Laboratory in Italy. It is designed to

study a beam of neutrinos coming from CERN, Europe's premier

high-energy physics laboratory located 730 kilometres away near

Geneva, Switzerland. Neutrinos are fundamental particles that are

electrically neutral, rarely interact with other matter, and have a

vanishingly small mass. But they are all around us — the Sun

produces so many neutrinos as a by-product of nuclear reactions that many billions pass

through your eye every second.

The 1,800-tonne OPERA detector is a complex array of electronics and photographic emulsion

plates, but the new result is simple — the neutrinos are arriving 60 nanoseconds faster than the

speed of light allows. "We are shocked," says Antonio Ereditato, a physicist at the University of

Bern in Switzerland and OPERA's spokesman.

Breaking the law

The idea that nothing can travel faster than light in a vacuum is the cornerstone of Albert

Einstein's special theory of relativity, which itself forms the foundation of modern physics. If

neutrinos are travelling faster than light speed, then one of the most fundamental assumptions

of science — that the rules of physics are the same for all observers — would be invalidated. "If

it's true, then it's truly extraordinary," says John Ellis, a theoretical physicist at CERN.

Ereditato says that he is confident enough in the new result to make it public. The researchers

claim to have measured the 730-kilometre trip between CERN and its detector to within 20

centimetres. They can measure the time of the trip to within 10 nanoseconds, and they have

seen the effect in more than 16,000 events measured over the past two years. Given all this,

they believe the result has a significance of six-sigma — the physicists' way of saying it is

certainly correct. The group will present their results tomorrow at CERN, and a preprint of their

results will be posted on the physics website ArXiv.org.

At least one other experiment has seen a similar effect before, albeit with a much lower

confidence level. In 2007, the Main Injector Neutrino Oscillation Search (MINOS) experiment

in Minnesota saw neutrinos from the particle-physics facility Fermilab in Illinois arriving

slightly ahead of schedule. At the time, the MINOS team downplayed the result, in part because

there was too much uncertainty in the detector's exact position to be sure of its significance,

says Jenny Thomas, a spokeswoman for the experiment. Thomas says that MINOS was already

planning more accurate follow-up experiments before the latest OPERA result. "I'm hoping that

we could get that going and make a measurement in a year or two," she says.

Reasonable doubt

If MINOS were to confirm OPERA's find, the consequences would be enormous. "If you give up

the speed of light, then the construction of special relativity falls down," says Antonino Zichichi,

a theoretical physicist and emeritus professor at the University of Bologna, Italy. Zichichi

speculates that the 'superluminal' neutrinos detected by OPERA could be slipping through extra

dimensions in space, as predicted by theories such as string theory.

Ellis, however, remains sceptical. Many experiments

have looked for particles travelling faster than light

speed in the past and have come up empty-handed,

he says. Most troubling for OPERA is a separate

analysis of a pulse of neutrinos from a nearby

supernova known as 1987a. If the speeds seen by
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Einstein plays it cool in response to OPERA's

announcement. (Image via Wikipedia)

A few months ago, when the

OPERA Collaboration announced

that they had measured neutrinos

travelling faster than the speed of

light, I was immediately skeptical.

That result, if true, would mean

that entire portions of physics

would have to be rewritten. And

most of the evidence and responses

from the scientific community that

have come out since then has only

reinforced that skepticism. Nothing

really added up when it came to the

conclusion. Most physicists that

I’ve talked to or read online are in

the same boat – extremely

skeptical and waiting for

independent verification.

Now it seems there was good

reason for the physics community

to be skeptical. The OPERA collaboration has released a statement stating

that there may have been measurement errors in their faster than light

neutrino results.
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ENLARGE IMAGE

Bowing out. Ereditato (right) and

Autiero (left) came under pressure for

the way they handled the neutrino

experiment.

ROME—Two leaders of the OPERA collaboration, which stunned the

world in September when it announced data suggesting that neutrinos

could travel faster than the speed of light, have stepped down. The

resignation of Antonio Ereditato as spokesperson and Dario Autiero as

physics coordinator of the study followed a vote of no confidence, held

yesterday by leaders of the individual groups within the collaboration,

according to a source at OPERA who asked not to be identified. The

vote came several weeks after it was revealed that the hotly debated

result was probably caused by a faulty cable connection.

OPERA, based at the Gran Sasso National Laboratory in central Italy,

measures the properties of neutrinos sent some 730 km through Earth's

crust from the CERN laboratory near Geneva, Switzerland. The

announcement that it had recorded these neutrinos arriving some 60

nanoseconds earlier than light appeared to violate Einstein's special theory of relativity. But in February,

ScienceNOW reported that the early arrival time was probably due to a loose connection in a GPS system used

to synchronize timing between the two labs.

Ereditato, who leads a group from the University of Bern, and Autiero, head of a group at the University of Lyon

in France, had been the public face of the controversial study for the past 6 months, but apparently colleagues

were unhappy about the way they had handled the results. Specifically, there was discontent about Ereditato's

management, says the source at OPERA, while the opposition to Autiero focused on the measurement itself.

Some 16 group leaders voted against the pair yesterday, while 13 voted in their favor and several others

abstained, the source says. Although collaboration rules specify that a two-thirds vote is needed to remove

experiment leaders, the result meant that a majority wanted the pair gone. Ereditato apparently resigned his post

a few minutes after the result of the ballot was known, whereas Autiero waited until today to step down. But it's

unclear what their positions will now be within the collaboration.

Some collaboration members believe that the results, when first announced at a symposium at CERN on 23

September 2011, should have been presented more clearly as preliminary. They are also unhappy that more

experimental checks weren't carried out before the announcement. "Once the seminar was done, OPERA should

have undertaken a more extensive campaign of tests before submitting its paper to a journal," says Luca Stanco,

leader of a group from the University of Padova in Italy, "including the famous cable test. Technical errors can

happen to any collaboration. But we should have been more careful."

The collaboration now has to appoint a new spokesperson, although exactly when that will happen remains

unclear. "I hope it won't affect the future of the experiment," Stanco says. "It is absolutely essential that we

continue with the scientific program."

Antonio Masiero, vice president of Italy's National Institute of Nuclear Physics (INFN), which runs the Gran Sasso

lab, has released a statement saying that he hopes the collaboration can "find unity and new leadership in
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Fundamental particles

Neutrinos

Electrons

Three “generations”



Fundamental forces
Electromagnetism Gravity

Strong/weak
nuclear forces



Fundamental forces

Particles 
continuously 
interacting ...
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The “standard model”

• Why can’t we predict a particle’s mass? (e.g. neutrinos)

• What is dark matter?

• Where is all the antimatter? 

• How does gravity fit in?



The “standard model”



Where astronomy fits in



Where astronomy fits in



Where astronomy fits in



The astronomer’s view ...Where astronomy fits in



Neutrinos



Wolfgang Pauli
(Nobel Prize 1945)

Neutrinos



Wolfgang Pauli
(Nobel Prize 1945)

I have done
something very bad today
in proposing a particle that
cannot be detected.  It is
something no theorist

should ever do

Neutrinos



Neutrinos



Neutrinos fill
the Universe!

Neutrinos



Fun physics fact - neutrinos affect the Universe



Fun physics fact - neutrinos oscillate in type!

Solar neutrino 
problem ...
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Dark matter

Blue : mass probed by lensing
Red : atoms probed by X-rays



Dark matter

Lumps of rock?

Sub-atomic
particles?



Dark matter
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Are there any WIMPs inside?

For weeks physicists have been speculating whether the CDMS-II

collaboration based in the US has detected the first direct evidence

for dark matter, one of the universe's most mysterious entities. Now

the evidence is out in the open – although it's not quite a strong as

some had hoped.

In a preprint submitted to the arXiv server yesterday, the CDMS-II

team claim to have detected two "events" that are characteristic of

dark-matter constituents known as weakly interacting massive

particles, or WIMPs. However, they point out that there is a one-in-

four chance that these events could be background noise.

"Scientists have a set criteria for determining whether a new

discovery has been made, in essence that the ratio of signal-to-

background events must be large enough that there is no

reasonable doubt," they write in a summary. "Typically there must

be less than one chance in a thousand of the signal being due to

background...so we can make no claim to have discovered WIMPs."

Where are the WIMPs?

While invisible, dark matter is thought to make up some 85% of all

gravitating mass in the universe. The most popular candidates for

its makeup are WIMPs, hypothetical particles that could be heavier

than atomic nuclei.

Located half a mile underground in a disused mine in Soudan,

Minnesota, the CDMS-II experiment was designed to detect WIMPs

using 30 detectors made of germanium and silicon cooled near to

absolute zero. The hope was that, as the Earth sweeps through

clumps of dark matter in our galaxy, these detectors would spot

charges generated by occasional interactions between the

germanium and silicon atoms and WIMPs. Although radioactive

decays or cosmic rays could also produce signals, those of the right

size and timing would be evidence of WIMPs.

CDMS-II’s first run starting in 2003 failed to find any evidence, but

the same cannot be said of the latest run from 2007–2008. In this

data set, which is roughly double the size of all previous sets, there

are two events that fit a WIMP. The probability that these could be

radioactive decays or cosmic rays is 23%.



Dark matter

Theorists are trying to come up with new particles ...



Dark matter

Theorists are trying to come up with new particles ...
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Anti-matter

What caused the
imbalance between

matter and anti-matter?



Gravity

Gravity doesn’t fit.   What is the force carrier?



• The standard model of particle physics is a 
triumph of 20th century physics , but 
unsolved mysteries remain

• How do neutrinos work?

• What is dark matter?

• Where did the antimatter go? 

• How does gravity fit in?
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