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CosmIC RAYS

IceCube observations challenge
ideas on cosmic-ray origins

ThelceCube collaboration, with adetector
that looksat acubic kilometreof iceat the
South Pole, has searched for evidence of
neutrinos associated with gamma-ray bursts
(GRBs). They find none at a level 3.7 times
lower than modelspredict, indicating that
cosmic rayswith energiesabove 10 Tev
originatefrom someother source.
Wherenature accel eratesparticlesto
108 TeV hasbeen oneof thelong-standing
questionsof extreme astrophysics. Although
the flux of the highest-energy cosmic rays
arriving at Earthissmall, it pervadesthe
universeand correspondsto alargeamount
of energy. Equally mysteriousinorigin,
gammearray bursts (GRBS), some associated
with the collapse of massive starsto black
holes, havereleased asmall fraction of a
solar mass of radiation morethan onceaday
sincetheBig Bang. Theassumptionisthat
they invest asimilar amount of energy inthe

acceleration of protons, which explainsthe
observed cosmic-ray flux. This leads to the
15-year-old prediction that when protons
and gamma rays co-exist in the GRB fireball
they photoproduce pionsthat decay into
neutrinos. The prediction isquantitative
(albeit with astrophysical ambiguities)
because astronomers can calculatethe
number of photons in the fireball, and
the observed cosmic-ray flux dictates the
number of protons. Textbook particle physics
then predictsthe number of neutrinos.
With 5160 photomultiplier tubes, the
|ceCube experiment hastransformed a
cubickilometreof Antarcticiceintoa
Cherenkov detector (CERN Courier March
2011 p28). Even whilestill incomplete,
theinstrument reached the sensitivity to
observe GRBs, taking datawith 40 and 59
of the final number of 86 photomultiplier
strings. Themeasurement isrelatively easy

An lceCubeevent within 0.2° of the direction of agamma-ray burst (GRB) obser ved by the
Swift satellite. Thereconstruction yieldsan energy of 109 TeV and an angular error of 0.2°.
Although it missesthetime of the GRB by 14 hours, the background isso low that thiswas

the most significant candidate.

becauseit exploitsalertsfromthe NASA's
Swift satelliteand Fermi Gamma-Ray
Space Telescopeto look for neutrinos
arriving fromtheright direction at theright
time. Thewindow issmall enoughto do
abackground-free measurement because
accidental coincidencewith ahigh-energy
atmospheric neutrinoisnegligible.

During the periods of data-taking,
some 307 GRBs had the potential to result
in neutrinosthat |ceCube could detect.
However, the experiment found no evidence
for any neutrinosthat could be associated
withthe GRBs. Thisimplieseither that
GRBsarenot theonly sourcesof cosmicrays
with energiesexceeding 108 TeV or that the
efficiency of neutrino production is much
lower than has been predicted.

With GRBson probation, the stock rises
for the alternative specul ation that associates
supermassive black holesat the centres
of galaxieswith the enigmatic cosmic
accelerators.

o Further reading
IceCube collaboration 2012 Nature 484 351.
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LHC PHYSICS

CMS discovers the =.°

The CMS experiment has
discovered its first new
particle. The new state is
observed with a significance

| exceeding 5 o and amass of
5945.0«2.8 MeV. This mass and the observed
decay mode are consistent with its being the
beauty-strange baryon known as =;°.

Understanding the detailed spectroscopy
of the various families of hadrons has been
aquest of scientists ever since quarks were
recognized as being the building blocks of
protons, neutrons and other hadrons. Baryons
are composed of three quarks and if they
contain a beauty (b) quark and a strange (s)
quark then they are members of the =, family.
Depending on whether the third valence
quark is au or ad, the resulting baryon is
either the neutral = or the charged Z;. While
the charged and neutral lowest-mass states
were already known, none of the heavier
states had so far been seen. The newly
discovered particle is probably the =;°, with a
total angular momentum and parity, J® = 3/2".
Its observation helps in understanding how
quarks bind and in further validating the
theory of strong interactions.

The observation was made in a data
sample of 5.3 fb~* proton—proton collisions at
a centre-of-mass energy of 7 TeV, delivered
by the LHC in 2011. Figure 1 shows a
typical event, where a candidate =;° (also
appropriately called the “cascade b baryon”)
leads to a cascade of decays, E,°— =, 7",
E,— JWE,J/W¥ — u'u, B — A’n~and
A°— prr, ending in one proton, two muons,
and three pions. The existence of the Z,° i
established by detecting all of these partlcles
and measuring the charge, momentum

CMS experimentat LHC, CERN
Datarecorded: Thu Oct 13 05:38:122011 CEST
Run/Event: 178421/533709680

M(p*m~) = 1116.7 MeV
M(AOr~) = 1315.5 MeV
M(uru) =3117.1 MeV
M(
Q

J/qv~ ) = 5787.8 MeV
)= 15.7 MeV

Fig. 1. Display of a typical event, showing
the reconstructed decay products of the
newly discovered particle.

and point of origin (the vertex) for each
one. Requiring that the secondary decay
vertices be displaced from the primary
vertex reduces the background caused

by random combinations of uncorrelated
particles, which are copiously produced in
high-energy proton—proton collisions.

The invariant-mass distribution of the
J/WE" pairs shows a clear peak corresponding
to the &, signal, with a mass in good
agreement with the world average. The =;°
is expected to decay promptly to =, zt* pairs,
so candidates were sought by combining
the reconstructed E; with a track (assumed
to be a pion) coming from the primary
vertex. To cancel measurement errors
partially and so increase the sensitivity,
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Fig. 2. Mass-difference distribution,
revealing the new beauty (b) baryon.

the analysis looked at the mass difference
Q=MU/YE ") -MJ/PE) - M(m).

Figure 2 shows the mass difference for

21 events in the range 12 <Q < 18 MeV, which
clearly exceed the 3.0 + 1.4 events expected
in the absence of a new particle.

The detection of this new particle was
possible thanks only to the excellent tracking
and vertexing capabilities of the CMS
experiment,combined with high-purity
dimuon triggers that identify decays of the
J/W meson “on the fly”, before storing the
events. This measurement shows that CMS
can unravel complicated chains of particle
decays and bodes well for future discoveries
of rare particles.

o Further reading
CMS collaboration 2012 arXiv:1204.5955v1
[hep-ex].

Dijets confirm
K:f‘ ATL A S Dijet measurements

provide an
EXPERIMENT excellenttool not
only to probe high
transverse-momentum parton interactions
to study QCD but also to look for signs of
new phenomena beyond the Standard Model.
Thanks to the outstanding performance of
the LHC in 2011, the ATLAS experiment
recorded nearly 30,000 events with dijet
masses above 2 TeV and even observed dijet
masses up to 4.6 TeV.
The collaboration has used the full 2011
data sample — corresponding to nearly

the Standard Model

5fb™ of integrated luminosity — for a
measurement of the dijet cross-section as
a function of mass and rapidity difference.
The data were first corrected for detector
effects — paying particular care to the effect
of possible multiple interactions per beam
crossing — and the measured cross-sections
were then compared with various predictions
of QCD. While there are small deviations
in some models at the higher end of the
spectrum, overall the agreement with QCD
is reasonably good.

QCD predicts that the cross-section
falls steeply with dijet mass. New, as yet

unobserved, particles would typically give
rise to resonances or bumps on top of this
smoothly falling spectrum. ATLAS observes
no bumps, allowing limits to be seton a
number of theories that predict such particles.
Angular distributions can also be used
to search for deviations from the Standard
Model. They are typically measured in bins
of dijet mass, where the scattering angle is
transformed into a variable known as y (see
figure). The Standard Model predicts that
these distributions should be relatively flat,
while many theories beyond the Standard
Model predict arise at low values of .
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The measured distributions are found
to be in agreement with QCD predictions,
allowing limits to be set on various models
for new physics. For one of these models,
where quarks are no longer fundamental
particles but are instead composite
objects, this analysis sets a limit on the
compositeness scale — the scale of the
constituent binding energies —at 7.8 TeV.
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Dijet angular distributions as a function of
X = exp(/y,—y,/) in five bins of dijet mass
show no sign of new physics.

LHC nEws
Ramping up to
higher luminosity

After a flying start, with the first stable beams
at the new energy of 4 TeV on 5 April, the LHC
successfully operated with 1380 bunches
per beam — the maximum planned for 2012
—on 18 April. In the days that followed, the
machine reached arecord peak luminosity of
about 5.6 x 103 cm-2s-!, with a bunch intensity
of 1.4 x 10" protons per bunch and a new
highest stored energy of 120 MJ per beam.

As itentered a two-day machine-develop-
ment period on 21-22 April, almost 1 fb~! of
data had been delivered to the experiments, a
feat that took until June in 2011. The machine
development focused on topics relevant for
the 2012 physics-beam operation and was
followed by a five-day technical stop, the first
of the year.

The restart from 27 April onwards was
slowed down by several technical faults
that led to low machine availability and the
ramp back up in intensity took longer than
initially planned. LHC operation was further
hampered by higher than usual beam losses
in the ramp and squeeze. These required time
to investigate the causes and to implement
mitigation measures.

Deferred triggering
optimizes CPU use

Like all of the LHC

experiments, LHCb relies

on atremendous amount

of CPU power to select
interesting events out of the many millions
that the LHC produces every second. Indeed,
a large part of the ingenuity of the LHCb
collaboration goes into developing trigger
algorithms that can sift out the interesting
physics from a sea of background. The
cleverer the algorithms, the better the
physics, but often the computational cost is
also higher. About 1500 powerful computing
servers in an event filter farm are kept 100%
busy when LHCb is taking data and still
more could be used.

However, this enormous computing
power is used less than 20% of the time
when averaged over the entire year. This
is partly because of the annual shutdown,
SO preparations are under way to use the
power of the filter farm during that period
for offline processing of data — the issues to
be addressed include feeding the farm with
events from external storage. The rest of the
idle time is a result of the gaps between the
periods when there are protons colliding
in the LHC (the “fills”’), which typically
last between two and three hours, where
no collisions take place and therefore no
computing power is required.

This raises the question about whether it is

somehow possible to borrow the CPU power
of the idle servers and use it during physics
runs for an extra boost. Such thoughts led

to the idea of “deferred triggering” storing
events that cannot be processed online on the
local disks of the servers, and later, when the
fill is over, processing them on the now idle
servers.

The LHCb Online and Trigger teams
quickly worked out the technical details and
started the implementation of a deferred
trigger early this year. As often happens in
online computing, the storing and moving
of the data is the easy part, while the true
challenge lies in the monitoring and control
of the processing, robust error-recovery and
careful bookkeeping. After a few weeks, all
of the essential pieces were ready for the first
successful tests using real data.

Depending on the ratio of the fill length
to inter-fill time, up to 20% of CPU time can
be deferred — limited only by the available
disk space (currently around 200 TB) and the
time between fills in the LHC. Buying that
amount of CPU power would correspond to
an investment of hundreds of thousands of
Swiss francs. Instead, this enterprising idea
has allowed an increase in the performance
of its trigger, allowing time for more complex
algorithms (such as the online reconstruction
of Kg decays) to extend the physics reach of
the experiment.
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Measured output rate to permanent storage of one of the LHCb servers during and after an
LHC fill. The output rate increases by a few per cent after the end of a fill— because of the
reduced network traffic —while the remaining, locally stored events are processed.

On 10 May the machine began running
again with 1380 bunches and a couple of days
later saw one of the year’s best fills, lasting
for 13 hours and delivering an integrated
luminosity of 120pb~'to ATLAS and CMS.
By 15 May;, after careful optimization of the

beams in the injectors, the luminosity was
back up to pre-technical-stop levels. The aim
now is for steady running accompanied by a
gentle increase in bunch intensity in order to
deliver a sizeable amount of data in time for
the summer conferences.
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NEUTRINOS

RENO observes

disappearance of
electron-antineutrinos

The Reactor Experiment for Neutrino
Oscillations (RENO) has performed a
definitive measurement of the neutrino-
oscillation mixing angle, 6,,, by observing
the disappearance of electron-antineutrinos
emitted from a nuclear reactor, with a
significance of 4.9 0

RENO detects antineutrinos from six
reactors, each with a thermal power output of
2.8 GW,, at Yonggwang Nuclear Power Plant
in Korea. The reactors are almost equally
spaced in a line about 1.3km long and the
experiment uses two identical detectors
located at 294 m and 1383 m on either side
of the centre of this line, beneath hills
that provide, respectively, 120 and 450 m
of water-equivalent of rock overburden
to reduce the cosmic backgrounds. This
symmetric arrangement of reactors and
detectors is useful for minimizing the
complexity of the measurement. RENO
is the first experiment to measure 6,,, the
smallest neutrino-mixing angle and the last
to be known, with two identical detectors.

In the 229-day data-taking period from
11 August 2011 to 26 March 2012, the far
(near) detector observed 17,102 (154,088)
electron-antineutrino candidate events with a
background fraction of 5.5% (2.7%). During
this period, all six reactors were operating
mainly at full power, with two reactors being
off for a month each for fuel replacement.

The two identical antineutrino detectors
allow arelative measurement through a
comparison of the observed neutrino rates.
Measuring the far-to-near ratio of the reactor
neutrinos in this way can considerably
reduce several systematic errors. The relative
measurement is independent of correlated
uncertainties and helps in minimizing
uncorrelated reactor uncertainties.

Each detector comprises four layers. At
the core lies the target volume of 16.5 tonnes
of liquid scintillator that is doped with
gadolinium. An electron-antineutrino can
interact with a free proton in the scintillator,
Vv +p — e +n. The positron from this
inverse $-decay annihilates immediately
giving a prompt signal. The neutron wanders
into the target volume, eventually being
captured by the gadolinium —giving a
delayed signal. The delayed coincidence

between the positron and neutron signals
provides the distinctive signature of inverse
p-decay.

The central target volume is surrounded
by a 60 cm layer of liquid scintillator
without gadolinium, which serves to catch
y-rays escaping from the target volume,
thus increasing the detection efficiency.
Outside this y-catcher, a 70 cm buffer-layer of
mineral oil shields the inner detectors from
radioactivity in the surrounding rocks and
in the 354 photomultiplier tubes (10-inch)
that are installed on the inner wall of the
buffer container. The outermost veto layer
consists of 1.5 m of pure water, which serves
to identify events coming from the outside
through their Cherenkov radiation and to
shield against ambient y-rays and neutrons
from the surrounding rocks. Both detectors
are calibrated using radioactive sources and
cosmic-ray induced background samples.

Based on the number of events at the
near detector and assuming no oscillation,
RENO finds a clear deficit, with a far-to-near
ratio R=0.920+0.0009 (stat.) =0.014 (syst.).
The value of sin?20, is determined from
ay? fit with pull terms on the uncorrelated
systematic uncertainties. The number of
events in each detector after the background
subtraction has been compared with the
expected number of events, based on the
neutrino flux, detection efficiency, neutrino
oscillations and contribution from the
reactors to each detector determined by the
baselines and reactor fluxes. The best-fit
value obtained is sin?20,;,=0.113+0.013
(stat.) £0.019 (syst.), which excludes the
no-oscillation hypothesis at4.9 o.

The RENO collaboration consists of
about 35 researchers from Seoul National
University, Chonbuk National University,
Chonnam National University, Chung
Ang University, Dongshin University,
Gyeongsang National University,
Kyungpook National University, Pusan
National University, Sejong University,
Seokyeong University, Seoyeong University
and Sungkyunkwan University.

o Further reading
JKAhn etal. RENO collaboration 2012 Phys. Rev.
Lett. 108 191802.
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Hungary to host extension to CERN data centre

Following a competitive call for tender,
CERN has signed a contract with the Wigner
Research Centre for Physics in Budapest for
an extension to CERN’s data centre. Under
the new agreement, the Wigner Centre will
host CERN equipment that will substantially
extend the capabilities of Tier-0 of the
Worldwide LHC Computing Grid (WLCG)
and provide the opportunity to implement
solutions for business continuity. The
contractis initially until 31 December 2015,
with the possibility of up to four one-year
extensions thereafter.

The WLCG isaglobal system organized
in tiers, with the central hub being Tier-0 at
CERN. Eleven major Tier-1 centres around
the world are linked to CERN via dedicated

Artlst S |mpre55|on of the new data centre
(Image credit: Wigner Research Centre.)

high-bandwidth links. Smaller Tier-2 and
Tier-3 centres linked via the internet bring the
total number of computer centres involved to
more than 140 in 35 countries. The WLCG
serves acommunity of some 8000 scientists
working on LHC experiments, allowing
seamless access, distributed computing and
data-storage facilities.

The Tier-0 at CERN currently
provides some 30 PB of data storage on
disk and includes the majority of the
65,000 processing cores in the CERN
Computer Centre. Under the new agreement,
the Wigner Research Centre will extend this
capacity with 20,000 cores and 5.5 PB of
disk storage, and will see this doubling after
three years.

Les physiciens des particules du monde entier sont invités a apporter leurs
contributions aux CERN Courier, en frangais ou en anglais. Les articles retenus

seront publiés dans la langue d’origine. Si vous souhaitez proposer un article,

faites part de vos suggestions a la rédaction a I'adresse cern.courier@cern.ch.

CERN Courier welcomes contributions from the international
particle-physics community. These can be written in English or French,
and will be published in the same language. If you have a suggestion for
an article, please send proposals to the editor at cern.courier@cern.ch.
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New Photomultiplier HV Base

Using photomultipliers is now even easier with a new
range of compact, low noise, HV Bases from
ET Enterprises.

Incorporating socket, voltage divider and HV
supply, they are suitable for use with a wide
range of photomultipliers operating in analogue,
pulse counting or photon counting modes.

e range of input voltage (5V to 15V)

e output voltage adjustable from 100V to 2000V
e very low power

e high stability

Visit our new website for further information.

ET Enterprises is now your single source for ‘Electron Tubes’ and ADIT
photomultipliers, including many Photonis replacements.

Use our new interactive website to search our complete range of products or follow
the contact links to discuss your application.

ET Enterprises Limited, Riverside Way,
Uxbridge, UB8 2YF, UK

Phone: +44 (0)1895 200880

Fax: +44 (0)1895 270873
sales@et-enterprises.com
www.et-enterprises.com

ADIT Electron Tubes, 300 Crane Street,
Sweetwater, Texas 79556, USA

Phone: (325) 235 1418

Fax: (325) 235 2872
sales@electrontubes.com
www.electrontubes.com
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Verify and optimize your designs
with COMSOL Multiphysics:

Multiphysics tools let you build simulations
that accurately replicate the important
characteristics of your designs. The key is
the ability to include all physical effects that
exist in the real world. Order a free CD
containing 700 multiphysics presentations
at www.comsol.com/confcd

SOLAR ENERGY: Heat is transferred by surface-to-surface
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