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Universe irhif=m®

Than-Light Neutrinos tk 3%

Text A 2

The stunning recent announcement of neutrinos apparently exceeding the speed of
light was greeted with startled wonderment followed by widespread disbelief. Although
virtually every scientist on record expects this discovery to vanish once more detailed
analysis takes place, dozens of researchers are exploring the question whose answer
could shake the foundations of physics: What if this anomaly is real?

Neutrinos are ghostly particles that only weakly interact with normal matter; tril-
lions of neutrinos stream through our bodies every second. Last month researchers from
the European OPERA (Oscillation Project with Emulsion-Racking Apparatus) collabo-
ration reported clocking pulses of neutrinos moving at speeds that appeared to be a
smidgen faster than light-speed. That might seem impossible, given the universal speed
limit set by Albert Einstein’s long-standing and well-tested special theory of relativity,
but neutrinos have proved chock full of surprises over the years. For instance, in the
late 1990s they were found to have mass after decades of thought to the contrary.

The credibility of the OPERA scientists who made the supposed discovery of super-
luminal neutrinos is not in doubt. “This is legitimate, professionally done science-these

” says neutrino physicist John Learned of the University of Hawaii at

are not cranks,’
Manoa. Astroparticle physicist Steen Hannestad of Aarhus University in Denmark
agrees that “there are no obvious problems with the experiment.” Still, Hannestad
adds, “on any given year, one or more such anomalies show up in experiments-this is
particularly true for neutrino physics, where measurements are notoriously hard. ”

Virtually every physicist interviewed strongly doubts the results will hold up, in-
cluding the experimenters themselves. Recent calculations also suggest that any neutri-
nos traveling faster than light would have radiated most of their energy away before
reaching detectors, something the researchers did not see.

Nevertheless, if scientists really have discovered superluminal neutrinos, “it proba-
bly presents the biggest revolution to fundamental physics in about a century, and al-
most every physicist loves this challenge,” Learned says. As such, a multitude of stud-
ies have already popped up to address the OPERA results, including some that suggest
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new physics to explain the findings.

One explanation that a number of researchers have proposed is that the neutri'nos
might be traversing extra dimensions of reality beyond the familiar three of space and one
of time. As such, they would only appear to be traveling faster than light from our per-
spective. This idea would keep Einstein’s theory of relativity intact and help end decades
of debate over whether extra dimensions actually exist.

“However, these models have other potential problems,” says Hannestad, a re-
searcher with a potential extradimensional explanation for the neutrino results. For in-
stance, he notes, the neutrino pulses predicted to emerge from a trip through extra di-
mensions may differ in their attributes from the pulses the OPERA researchers actually
detected.

Another notion is that neutrinos may travel faster through Earth than through emp-
ty space, with Earth essentially acting like a lens, says theoretical physicist Dmitri
Semikoz of University of Paris Diderot in France. “Several checks of our proposal can be
performed,” he adds. “In particular, it predicts that the effect is proportional to the in-
tensity of the neutrino wave. This can be checked experimentally by the OPERA and
MINOS collaborations with data they already have, ” (MINOS, the Main Injector Neu-
trino Oscillation Search, is a competing neutrino experiment in the U. S. )

Dark energy, the mysterious force apparently driving the accelerating expansion of
the universe,or dark matter, the as-yet unidentified substance making up about 85 per-
cent of all matter in the universe, might be the explanation instead, suggests theoretical
physicist Susan Gardner at the University of Kentucky in Lexington. The idea is that
photons of light might interact more strongly with the dark universe than neutrinos do,
such that the speed of light measured on Earth might be lower than its theoretical speed
due to dark matter and dark energy found throughout the universe slowing it down. As
such, neutrinos on Earth might only go faster than the highest speed of light we have so
far discovered.

. A challenge to Gardner’s model comes from analysis of neutrinos from supernova
SN 1987A, which strongly indicated the ethereal particles obey the cosmic speed limit.
Perhaps, however, the light and neutrinos did not emanate from the explosion simulta-
neously, as assumed, and instead the star actually emitted faster-than-light neutrinos
after it did the light. “Prior to SN 1987A theory told us that blue supergiant stars did
not explode-SN 1987 A came as something of a surprise,” Gardner says. Perhaps this ex-
plosion behaved differently from more familiar supernovae, with its neutrino and light
bursts occurring farther apart in time, and only by a fantastic coincidence did astrono-
mers detect them close together.

To help settle the neutrino mystery, OPERA and MINOS will continue to make ev-
er-more precise measurements of neutrino speeds.

“I think all we have to do is sit back and cheer our OPERA [and] MINOS col-



leagues onwards, and in two years or so we will know whether to get really excited,”
Learned says. “This is a great example of science in action, a great drama unfolding. It
is either a fantastic discovery which seemingly cannot but have huge and as yet unknown
consequences or it is a mistake. One would be a fool not to bet against the results, but

yet they are not obviously wrong. Stay tuned!” (882 words)

e
B Word Bank

¢ 1. stunning adj. fEUAEAEEMH, REFH

s 2. exceed vt. #EHR, T \
e 3. vanish vi. JH4&

e 4. anomaly n. AELN], FEBATY)

» 5. ghostly adj. "[1HH)

s 6. credibility n. RJ{EE

« 7. superluminal adj. #BYEHER

» 8. radiate vt. BUH vi. 388) adj. BHLH, FBIDIRE)

o 9. multitude n. Z8,BNR

» 10. dimension n. R}, REE; 4880, B 0,0

» 11. supernova n. [ K B E

» 12. ethereal adj. B ; X I, BESH

. emanate vi. UK, K, RIR

._coincidence n. —3, #&, Aot K4 s Rl et FE 2 LI B

e "‘j {t&N 'v 2w /
1. Neutrino R{HIF

A neutrino is an electrically neutral, weakly interacting elementary subatomic parti-

cle with a half-integer spin, chirality and a disputed but small non-zero mass. It is able
to pass through ordinary matter almost unaffected. The neutrino (meaning “small neu-
tral one” in Italian) is denoted by the Greek letter y (nu).

Neutrinos do not carry electric charge, which means that they are not affected by
the electromagnetic forces that act on charged particles such as electrons and protons.
Neutrinos are affected only by the weak sub-atomic force, of much shorter range than
electromagnetism, and gravity, which is relatively weak on the subatomic scale, and are
therefore able to travel great distances through matter without being affected by it.

Neutrinos are created as a result of certain types of radioactive decay, or nuclear re-

actions such as those that take place in the Sun, in nuclear reactors, or when cosmic



rays hit atoms, There are three types, or “flavors”, of neutrinos: electron neutrinos,
muon neutrinos and tau neutrinos. Each type also has a corresponding antiparticle,
called an antineutrino with an opposite chirality.

Most neutrinos passing through the Earth emanate from the Sun. About 65 billion
(6. 5>X1010) solar neutrinos per second pass through every square centimeter perpendic-
ular to the direction of the Sun in the region of the Earth,

In September 2011, neutrinos apparently moving faster than light were detected
(see OPERA neutrino anomaly). Since then the experiment has undergone extensive
critique and efforts to replicate the results because confirming the results would change
our understanding of the theory of relativity. In November 2011, the experiment was
refined and yielded the same result.

2. Photon(¥F)

In physics, a photon is an elementary particle, the quantum of light and all other
forms of electromagnetic radiation, and the force carrier for the electromagnetic force.
The effects of this force are easily observable at both the microscopic and macroscopic
level, because the photon has no rest mass; this allows for interactions at long dis-
tances. Like all elementary particles, photons are currently best explained by quantum
mechanics and will exhibit wave-particle duality, exhibiting properties of both waves
and particles. For example, a single photon may be refracted by a lens or exhibit wave
interference with itself, but also act as a particle giving a definite result when position is
measured.

The modern concept of the photon was developed gradually by Albert Einstein to
explain experimental observations that did not fit the classical wave model of light. In
particular, the photon model accounted for the frequency dependence of light’s energy,
and explained the ability of matter and radiation to be in thermal equilibrium. It also ac-
counted for anomalous observations, including the properties of black body radiation,
that other physicists, most notably Max Planck, had sought to explain using semiclassi-
cal models, in which light is still described by Maxwell’s equations, but the material ob-
jects that emit and absorb light are quantized. Although these semiclassical models con-
tributed to the development of quantum mechanics, further experiments validated
Einstein’s hypothesis that light itself is quantized; the quanta of light are photons.

In the Standard Model of particle physics, photons are described as a necessary con-
sequence of physical laws having a certain symmetry at every point in spacetime. The in-
trinsic properties of photons, such as charge, mass and spin, are determined by the
properties of this gauge symmetry, The photon concept has led to momentous advances
in experimental and theoretical physics, such as lasers, Bose-Einstein condensation,
quantum field theory, and the probabilistic interpretation of quantum mechanics. It has
been applied to photochemistry, high-resolution microscopy, and measurements of mo-

lecular distances. Recently, photons have been studied as elements of quantum comput-
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ers and for sophisticated applications in optical communication such as quantum cryptog-
raphy.

3. Theory of Relativity (#8x1i£)

The Theory of Relativity, proposed by the Jewish physicist Albert Einstein (1879-
1955) in the early part of the 20th century, is one of the most significant scientific ad-
vances of our time, Although the concept of relativity was not introduced by Einstein,
his major contribution was the recognition that the speed of light in a vacuum is constant
and an absolute physical boundary for motion. This does not have a major impact on a
person’s day-to-day life since we travel at speeds much slower than light speed. For ob-
jects travelling near light speed, however, the theory of relativity states that objects will
move slower and shorten in length from the point of view of an observer on Earth. Ein-
stein also derived the famous equation, E = mc2, which reveals the equivalence of mass
and energy.

When Einstein applied his theory to gravitational fields, he derived the “curved
space-time continuum” which depicts the dimensions of space and time as a two-dimen-
sional surface where massive objects create valleys and dips in the surface. This aspect
of relativity explained the phenomena of light bending around the sun, predicted black
holes as well as the Cosmic Microwave Background Radiation (CMB)-a discovery ren-
dering fundamental anomalies in the classic Steady-State hypothesis. For his_ work on
relativity, the photoelectric effect and blackbody radiation, Einstein received the Nobel
Prize in 1921.

4. OPERA — M3 F LT H

The OPERA (Oscillation Project with Emulsion-tRacking Apparatus) experiment
has been designed to perform the most straightforward test of the phenomenon of neu-
trino oscillations. This experiment exploits the CNGS high-intensity and high-energy
beam of muon neutrinos produced at the CERN SPS in Geneva pointing towards the
[LNGS underground laboratory at Gran Sasso, 730 km away in central Italy. OPERA is
located in the Hall C of LNGS and it is aimed at detecting for the first time the appear-
ance of tau-neutrinos from the transmutation (oscillation) of muon-neutrinos during
their 3 millisecond travel from Geneva to Gran Sasso. In OPERA, tau-leptons resulting
from the interaction of tau-neutrinos will be observed in “bricks” of photographic emul-
sion films interleaved with lead plates. The apparatus contains about 150,000 of such
bricks for a total mass of 1,300 tons and is complemented by electronic detectors (track-
ers and spectrometers) and ancillary infrastructure. Its construction has been completed
in spring 2008 and the experiment is currently in data taking.

5. MINOS — 32 LT H

The MINOS (Main Injector Neutrino Oscillation Search) experiment is a long-base-
line neutrino experiment designed to observe the phenomena of neutrino oscillations, an
effect which is related to neutrino mass. MINOS uses two detectors, one located at Fer-
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milab, at the source of the neutrinos, and the other located 450 miles away, in northern
Minnesota, at the Soudan Underground Mine State Park in Tower-Soudan.

6. The Cosmic Speed Limit =7 i B & R

The Cosmic Speed Limit is another name for the Speed of Light. Lightbeams are al-
lowed to travel at this speed, but rather unfairly no-one else is. Scientists have declared
that it’s not in fact possible to reach it, but they say this only because they’re miffed
that they aren’t allowed to. After all-light travels at the Cosmic Speed Limit-so it can’t
be impossible.

The fact is-if you break the Cosmic Speed Limit, you will break the Laws of PhydI-
stics, and so you will probably be arrested. It is interesting to speculate on the beings
that would arrest you-would they wear blue or red uniforms? And how would the flash-
ing light on top of the police car work at lightspeed?

All these questions were likely to remain unanswered unless we at Strange BUT
Untrue did another one of our ground-breaking (literally, usually) experiments, so we
set up a catapult in the back garden and sat one of our fearless/gullible researchers atop
it. After firing him and then several more researchers up into the air (they may recover,
once we get around to inventing a cure for death by lots and lots of gravity) we decided
that (a) we weren’t going to reach the Cosmic Speed Limit without more money, (b) we
didn’t have any more money after the Lottery Grant ran out, and (c) throwing research-
ers into the air on catapults was rather fun.

So, one of the mysteries of the universe is still a mystery to us, but on the bright
side we have discovered the new sport of Researcher Tossing. We play it every other
Wednesday now, and the Olympic Committee assure us that they are seriously consider-

ing it for 2024. 1 think we can safely say the experiment was therefore a great success.

89 Comprehension Check
1. Choose the best answers from each of the following.

(1) Every scientist on record expects the discovery about neutrinos to vanish because

A. it may start a war between science and politics
B. it may shake the foundations of physics
C. it will disorder the world of astronomy
D. it will destroy the Earth someday
(2) By saying “This is legitimate, professionally done science-these are not cranks,”
John Learned means that the discovery of superluminal neutrinos is N
A. credible B. uncertain C. logical D. strange
(3) The discovery of neutrinos helps end decades of debate over whether

6



A. neutrinos are beyond reality
B. neutrinos travel faster than light
C. Einstein’s theory of relativity has been proven

D. extra dimensions actually exist .
(4) Some explanations are suggested to support the OPERA findings EXCEPT that

A. neutrinos might be traversing extra dimensions of reality
B. neutrinos may travel faster through Earth than through empty space
C. neutrinos on Earth might only go faster than the highest speed of light we have
so far discovered
D. neutrinos have been detected by eyes
(5) The recent discovery of neutrinos
A. is a mistake
B. is a coincidence
C. calls for more precise measurements
D. opens a new page in physics
2. Complete the sentences with the information given in the text,
(1) Many people were surprised at the stunning recent announcement that neutrinos ap-
parently exceed
(2) Trillions of neutrinos stream through our bodies every second, weakly interacting
with
(3) It is believed that the OPERA scientists made the supposed discovery of
(4) Some studies having already popped up to address the OPERA results suggest
to explain the findings.
(5) The expansion of the universe is accelerated apparently by
(6) By means of ever-more of neutrino speeds, OPERA and MINOS will con-

tinue to help settle the neutrino mystery.

1. Choose among the four alternatives one word or phrase that is closest in meaning to
the underlined part in each statement.
(1) Dozens of researchers are exploring the question whose answer could shake the
foundations of physics.
A. ruin B. consolidate  C. defend D. maintain
(2) Trillions of neutrinos stream through our bodies every second.
A. come B. get C. pull D. flow
(3) Virtually every physicist interviewed strongly doubts the results will hold up.
A. claims B. asserts C. suspects D. disbelieves

(4) The discovery of superluminal neutrinos will probably present the biggest revolution
7



to fundamental physics in about a century.

A. solution B. change C. expectation D. protection
(5) Neutrinos would only appear to be traveling faster than light from our perspective.
A. imagination B. wish C. angle D. hope

(6) This can be checked experimentally by the OPERA and MINOS collaborations with
data they already have,
A. applications B. considerations C. cooperations D. elaborations

(7) Supernova SN 1987A strongly indicated the ethereal particles obey the cosmic speed
limit.
A. speculated B. duplicated C. complicated D. showed

(8) Perhaps the light and neutrinos did not emanate from the explosion simultaneously.
A. ignite B. originate C. produce D. generate
2. Complete the following sentences with the words given in the box. Change the form

if necessary.

wonder simultaneous legitimate radiate

interact identify intact detect

d voices which are nevertheless also one

(1) When we sing together we hear
voice. ”

(2) The pool water was working on her ankle and after a few more minutes
she tested its strength.

(3) The home’s aristocratic bones were but in dire need of a makeover.

(4) The superintendent, despite her dislike of publicity, was now quite a cele-
brated figure in the media.

(5) Inorder to ___ and characterize patterns in nutrient allocation, one must con-
sider the body as different compartments.

(6) The capacitive touchscreen technology allows us to with an iPhone and
most other modern smartphones,

(7) The resistance forces were recognized as the government of Libya,

(8) As the black holes narrow the gap, they a tremendous amount of gravi-
tional energy.

3. Select one word for each blank from the list of choices given in a word bank follow-
ing the passage. You may not use any of the word in the bank more than once,

Modern physics began with a sweeping unification; in 1687 Isaac Newton showed
that the existing jumble of disparate theories describing everything from planetary mo-
tion to tides to pendulums were all aspects of a universal law of gravitation. Unification
has played a 1  role in physics ever since. In the middle of the 19th century James

Clerk Maxwell found that electricity and magnetism were two 2 of electromagnet-
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ism. One hundred years later electromagnetism was unified with the weak nuclear force
3 radioactivity, in what physicists call the electroweak theory.
This quest for unification is driven by practical, philosophical and aesthetic __ 4

When successful, merging theories clarifies our understanding of the universe and 5

us to discover things we might 6  never have suspected. Much of the activity in ex-
perimental particle physics today, at accelerators such as the Large Hadron Collider at
CERN near Geneva, 7 a search for novel phenomena 8 by the unified elec-
troweak theory. In addition to predicting new physical effects, a unified theory provides
a more aesthetically satisfying 9  of how our universe operates. Many physicists
share an intuition that. at the deepest level, all physical phenomena match the 10 of

some beautiful mathematical structure.

A) conforms D applications
B) impression J) famous
C) otherwise K) involves
D) central L) patterns
E) picture M) facets
F) considerations N) leads
(3) remains O) predicted

‘ H) governing

|

(1) The stunning recent announcement of neutrinos apparently exceeding the speed of
light was greeted with startled wonderment followed by widespread disbelief.

(2> Recent calculations also suggest that any neutrinos traveling faster than light would
have radiated most of their energy away before reaching detectors. something the
researchers did not see.

(3) One explanation that a number of researchers have proposed is that the neutrinos
might be traversing extra dimensions of reality beyond the familiar three of space
and one of time,

(4) A challenge to Gardner’s model comes from analysis of neutrinos from supernova SN
1987A, which strongly indicated the ethereal particles obey the cosmic speed limit.

(5) Perhaps this explosion behaved differently from more familiar supernovae, with its
neutrino and light bursts occurring farther apart in time, and only by a fantastic co-
incidence did astronomers detect them close together.

(6) Tt is either a fantastic discovery which seemingly cannot but have huge and as yet

unknown consequences or it is a mistake,



