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It is now 60 years since the antiproton was discovered at Berkeley in f th t t
September 1955 and 20 years since the first antihydrogen atoms were made at 0 e a n I p ro 0 n

CERN. Over the decades, antiprotons have become a standard tool in particle
physics, and antihydrogen is now a miniature laboratory for investigations in
fundamental physics, as this month’s anniversary feature describes. Recently,
the BASE collaboration at the Antiproton Decelerator reported on a new
comparison of the proton and antiproton to test a basic symmetry. Also at
CERN, the ALICE experiment is investigating how loosely bound objects,
including antinuclei, can survive the hot and dense heavy-ion collisions

at the LHC.
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On the cover: A600 MeV/cantiproton interacts with a neon nucleus in the
streamer chamber of the PS179 experiment at CERN’s Low Energy Antiproton Ring
(LEAR) in the 1980s. Itis now 60 years since the antiproton was discovered at
Berkeley and 20 years since the first antihydrogen atoms were made at LEAR (p3).
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News

CERN

LHCb reports observation of pentaquarks

In 1964, Murray Gell-Mann and George
Zweig independently predicted a
substructure for hadrons: baryons would
be comprised of three quarks, mesons of a
quark—antiquark pair. They also said that
baryons with four quarks and one antiquark
were possible, as were mesons with two
quarks and two antiquarks — dubbed,
respectively, pentaquarks and tetraquarks,
after the number of constituents. Since then,
the picture for baryons and mesons has
been thoroughly established within QCD,
the theory of the strong interaction. Claims
of the sighting of pentaquarks, meanwhile,
have been thoroughly debunked.
Nevertheless, their existence could cast
important new light on QCD.

Now, the LHCb collaboration has
announced the observation of two
pentaquark states, P{, in analysis of data
collected during Run 1 of the LHC at
CERN. The discovery was made during the
analysis of the decay A, —J/p K p,adecay
mode used in the precision measurement
of the A, lifetime (CERN Courier July/
August 2013 p8). There was, however, an
apparent anomaly in the pattern of these
decays. The Dalitz plot, in which only 5.4%
is background, shows several expected
A¥—K"presonances as vertical bands, but
there is also a horizontal band, indicative of
aresonance decaying into J/y p, which was
completely unexpected (figure 1).

A resonance decaying into JAp p would
be a pentaquark state (with quarks uudcc).
So LHCb investigated more deeply, with
a full six-dimensional amplitude analysis
of the two interfering decay sequences:
A,— I A*, A* =K p,and A,—=PIK",
P:— JAp p. This analysis not only fit the
invariant mass of the decay products, the
angular distributions for the decays were also
fit, along with the invariant mass — this was
not a simple “bump hunt”.

The first attempt was to fit the data
without any P{ states, with the belief
that the structure could be built up from
A* interferences. This failed. The next
attempt was with one P? state, but the
fit was deficient. Finally, a fit with two
P? states proved to be acceptable. The
masses of the states are 4380£8+29 MeV
and 4449.8+1.7+2.5 MeV, with widths
of 205+£18+86 MeV and 39+5+19 MeV,

LHCb
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Top: Fig. 1. Dalitz plot showing m*(K™p)
versus m*(J/yp). The horizontal band is
produced by pentaquark particles decaying
into J/\p.Above: Fig.2.The mass of the
JIyp systemin A,— JAp K pdecays.

respectively. The states have opposite
parities, with one state having spin 3/2 and
the other spin 5/2. The final fitted J/4p p mass
spectra show the two states (figure 2). The
significances of each state are more than 9c.

LHCD has subjected the results to a great
many systematic checks. These include
ensuring that tracks were not “clones” or
“ghosts”, splitting the data into different
subsets, such as A, versus Ay, data from 2011
versus 2012, magnetic field up versus down,
etc. All of these tests have been passed.

One interesting fact is that these
pentaquarks decay into J/i, as do candidate
states for tetraquark mesons (CERN
Courier June 2014 p12). This suggests that
two heavy quarks may be needed to provide
the binding for these exotic states.

@) (@) () (@)

Above: Fig. 3. An example of the A, decay. In
the top image, the A, (purple dotted line)
travels 3.9 cm before it decays into uw*u Kp,
whose tracks are shown in the image below.
The u*u- are the decay products of the J/.

o Furtherreading
R Aaij etal. (LHCb Collaboration) 2015
arXiv:1507.03414 [hep-ex].
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CER N_
Pakistan becomes

associate member
state of CERN

The Islamic Republic of Pakistan became an
associate member state of CERN on 31 July,
following notification that Pakistan has
ratified an agreement signed last December,
granting this status to the country (CERN
Courier January/February 2015 p6).
Pakistan’s new status will open a new
era of co-operation that will strengthen
the long-term partnership between CERN
and the Pakistani scientific community.
Associate membership will allow Pakistan
to participate in the governance of CERN,
through attending CERN Council meetings.
Moreover, it will allow Pakistani scientists
to become CERN staff members, and
to participate in CERN’s training and
career-development programmes. Finally,
it will allow Pakistani industry to bid
for CERN contracts, thus opening up
opportunities for industrial collaboration in
areas of advanced technology.

On 16 June, an 11 T superconducting dipole-magnet model manufactured at CERN for the

High-Luminosity LHC project reached record performance levels in tests in hall SM18. Its
magnetic-field intensity exceeded 11 T after just six quenches —a much faster increase
than in previous models. In addition, it reached 12 T — corresponding to a current of
12,800 A —which is higher than in earlier models. The new magnets, based on a
niobium-tin (Nb;Sn) superconductor, are being developed in a collaboration between
Fermilab and CERN. Models constructed on both sides of the Atlantic have previously
reached the required 11 T, but only after many quenches. The models are shorter than the
final magnets — 2 mrather than 5.5 m—and have only a single bore, rather than two bores
for the two LHC beams. (Image credit: CERN.)

COLLABORATION

AIDA-2020 offers support to use facilities for
detector development in Europe

The Advanced European Infrastructures for
Detectors and Accelerators (AIDA-2020) —
the largest European-funded project for joint
detector development — is making financial
support available for small development
teams to carry out experiments and tests at
one of 10 participating European facilities.
The project, which started on 1 May,
will run for four years. Its main goal is to
bring the community together and push
detector technologies beyond current limits
by sharing high-quality infrastructures
provided by 57 partners from 34 countries,
from Europe to Asia.

Building on the experience gained
with the original AIDA project (CERN
Courier April 2011 p6), the transnational
access (TA) activities in AIDA-2020
are to enable financial support for teams
to travel from one facility to another, to
share existing infrastructures for efficient
and reliable detector development. The
support is organized around three different
themes, providing access to a range of
infrastructures: the Proton Synchrotron
and Super Proton Synchrotron test beams,

the IRRAD proton facility and the Gamma
Irradiation Facility (GIF++) at CERN; the
DESY II test beam; the TRIGA reactor at
the JozZef Stefan Institute; the Karlsruhe
Compact Cyclotron (KAZ); the Centre de
Recherches du Cyclotron at the Université
catholique de Louvain (UCLouvain);

the MC40 Cyclotron at the University of
Birmingham; the Rudjer Boskovic Institute
Accelerator Facility (RBI-AF); and the
electromagnetic compatibility facility
(EMClab) at the Instituto Tecnolégico de
Aragén (ITAINNOVA).

Access to high-energy particle beams
(TA1) at CERN and DESY enables the use of
test beams free-of-charge. Here the main goal
is to attract more researchers to participate
in beam tests, in particular supporting PhD
students and postdoctoral researchers to carry
out beam tests of detectors.

With the access to irradiation sources
(TA2),the goal is to cover the range of
particle sources needed for detector
qualification for the High Luminosity LHC
(HL-LHC) project. These include proton,
neutron and mixed-field sources, as well

as gamma irradiation. Through IRRAD,
TRIGA,KAZ and MC40, it provides both
the extreme fluences of up to 10" neq/cm?
required for the forward region in HL-LHC
experiments, and the lower fluences of
10% neg/cm? on 10 cm? objects for the outer
layers of trackers. GIF++ covers irradiation
of large-scale objects such as muon
chambers, while the Heavy Ion Irradiation
Facility at UCLouvain is available for single-
event-effects tests of electronics.

The third theme provides access to
new detector-testing facilities (TA3).
Semiconductor detectors will be one of the
main challenges at the HL-LHC. Studying
their behaviour with micro-ion beams at
RBI will enhance the understanding of these
detectors. Electromagnetic compatibility
is a key issue when detectors have to be
integrated in an experiment, and prior tests
in a dedicated facility such as the EMClab at
ITAINNOVA will make the commissioning
of detectors more efficient.
@ For more details on each facility and
eligibility criteria, visit aida2020.web.cern.
ch/content/transnational-access.
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CPT

BASE compares charge-to-mass ratios of proton
and antiproton to high precision

The Japanese/German BASE collaboration
at CERN’s Antiproton Decelerator (AD)
has compared the charge-to-mass ratios of
the antiproton and proton with a fractional
precision of 69 parts in a trillion (ppt). This
high-precision measurement was achieved
by comparing the cyclotron frequencies

of antiprotons and negatively charged
hydrogen ions in a Penning trap. The

result is consistent with charge—parity—
time-reversal (CPT) invariance, which is
one of the cornerstones of the Standard
Model of particle physics, and constitutes
the most precise test comparing baryons and
antibaryons performed to date.

In their experiment, the BASE
collaboration has profited from techniques
pioneered in the 1990s by the TRAP
collaboration at the Low Energy Antiproton
Ring at CERN (see p21). The advanced
cryogenic Penning-trap system used
in BASE consists of four traps, two of
which were used in this measurement —a
measurement trap and a reservoir trap
(figure 1). When the experiment receives a
pulse of 5.3 MeV antiprotons from the AD,
they strike the degrader structure, which is
designed to slow them down, and release
hydrogen. Negatively charged hydrogen
ions (H") can form in the process, producing
a composite cloud with the antiprotons
that is shuttled to the reservoir trap. BASE
has developed techniques to extract single
antiprotons and negative hydrogen ions
from this cloud whenever needed. Moreover,
the reservoir has a lifetime of more than a
year, making the BASE experiment almost
independent from AD cycles.

Using this extraction technique, and taking
the timing from the AD cycle, BASE prepares
asingle antiproton in the measurement trap,
while an H-ion is held in the downstream
park electrode, as shown in figure 1. The
cyclotron frequency of the antiproton is
then measured in exactly 120's, which
corresponds to one AD cycle. The particles
are subsequently exchanged by performing
appropriate potential ramps, and the cyclotron
frequency of the H-ion is measured. Thus,
asingle comparison of the charge-to-mass
ratios takes only 240s. This is much faster
than in previous experiments, enabling BASE
to perform about 6500 ratio comparisons
in 35 days of measurement time (figure 2).
The result is a value of the ratio-comparison:

downstream .
- ek park electrode :(re:erz/;:_;
park electrode  trap (MT) ] ’ electron
(UPE)

gun

antiproton detection
beam inductor
detection low-noise
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20
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&
>
55 -10
_20 -
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Top: Fig.1.Schematic of the measurement (MT) and the reservoir (RT) Penning traps.
Radio-frequency drives for particle manipulation are applied to the upstream correction
electrode of the measurement trap. The upstream and downstream park electrodes are used
for the particle shuttling scheme. The electron gun allows for electron cooling of
antiprotons. The entire assembly is mounted in a cryogenic vacuum chamber. Above: Fig.2.
(a) All 6521 values of the p -to-H~ cyclotron frequency ratios measured in 35 days as a
Sfunction of time. (b) The measured ratios projected onto a histogram.

(g/m),;/(q/m),—1=1(69) x 102, thus
confirming CPT at the level of ppt.

The high sampling rate has also
enabled the first high-resolution study of
diurnal variations in a baryon/antibaryon
comparison, which could be introduced
by Lorentz-violating cosmic-background
fields. The measurement sets constraints
on such variations at the level of less than
720 ppt. In addition, by assuming that CPT
invariance holds, the measurement can be
interpreted as a test of the weak equivalence
principle using baryonic antimatter. If
matter respects weak equivalence while
antimatter experiences an anomalous
coupling to the gravitational field, this
gravitational anomaly would contribute

to a possible difference in the measured
cyclotron frequencies. Thus, by following
these assumptions, the result from BASE
can be used to set a limit on the gravitational
anomaly parameter, o lo,,— 11<8.7x 107",

The main goal for the BASE experiment,
which was approved in June 2013, is to
measure the magnetic moment of the
antiproton with a precision of parts per
billion. Using the double Penning trap
system, the collaboration recently performed
the most precise measurement of the
magnetic moment of the proton (CERN
Courier July/August 2014 p8).

o Furtherreading
SUlmer et al. 2015 Naturedoi:10.1038/nature14861.
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News: LHC at EPS-HEP 2015

LHC EXPERIMENTS

Physics and performance in

LHC Run 2

EPS-HEP 2015

PE EUROPEAN PHYSICAL SOCIETY

In this issue, news from the LHC experiments
focuses on a few highlights at the first big summer
conference.

= The year 2015 began
'&\ATLAS for the ATLAS
EXPERIMENT experiment with
an intense phase
of commissioning using cosmic-ray data
and first proton—proton collisions, allowing
ATLAS physicists to test the trigger and
detector systems as well as to align the
tracking devices. Then the collection
of physics datain LHC Run 2 started
in June, with proton—proton collisions
ata centre-of-mass energy of 13 TeV
(CERN Courier July/August 2015 p25).
Measurements at this new high-energy
frontier were among the highlights of the
many results presented by the ATLAS
collaboration at EPS-HEP 2015.

Animportant early goal for ATLAS was
to record roughly 200 million inelastic
proton—proton collisions with a very
low level of secondary collisions within
the same event (“pile-up”). This data
sample allowed ATLAS physicists to
perform detailed studies of the tracking
system, which features a new detector,
the “Insertable B-layer” (IBL). The IBL
consists of a layer of millions of tiny
silicon pixels mounted in the innermost
heart of ATLAS at a distance of 3.3cm
from the proton beam (CERN Courier
October 2013 p28). Together with the other
tracking layers of the overall detector, the
IBL allows ATLAS to measure the origin
of charged particles with up to two times
better precision than during the previous
run. Figure 1 shows the resolution achieved
for the longitudinal impact parameter of the
beam.

ATLAS exploited the early data sample at
13 TeV for important physics measurements.
It allowed the collaboration to characterize
inelastic proton—proton collisions in

600
ATLAS preliminary o data 2012, V5 = 8 TeV
500 0.0<n<02 o data 2015, V5 = 13 TeV
400
= o
= 300 —
Fooo . —
£ 200" .
—— _o_—O—_o_
100 T—— . o]
0———r7 T T

ATLAS preliminary
V5= 13 TeV, Ly~ 14 nb~1
data 2015

terms of charged-particle production

and the structure of the “underlying

event” —collision remnants that are not
directly related to the colliding partons

in the proton. This characterization is
important for validating the simulation of
the high-luminosity LHC collisions, which
contain up to 40 inelastic proton—proton
collisions in a given event (one event involves
the crossing of two proton bunches with
more than 100 billion protons each). Figure 2
shows the evolution of the charged-particle
multiplicity with centre-of-mass energy.

ATLAS also measured the angular
correlation among pairs of the produced
charged particles, confirming the appearance
of aso-called “ridge” phenomenon in
events with large particle multiplicity at a
centre-of-mass energy of 13 TeV. The “ridge”
(figure 3) consists of long-range particle—
particle correlations not predicted by any of
the established theoretical models describing
inelastic proton—proton collisions.

After the low-luminosity phase, the LHC
operators began to increase the intensity of
the beams. By the time of EPS-HEP 2015,
ATLAS had recorded a total luminosity
of 100 pb~!, of which up to 85 pb~! could
be exploited for physics and performance

CERNCOURIER
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Above left: Fig. 1. Longitudinal
impact-parameter resolution measured
fromdatain 2015,Vs = 13 TeV, with the Inner
Detector including the IBL. Above right:
Fig.2.The average charged-particle
multiplicity per unit of rapidity forn=0as a
function of the centre-of-mass energy. Left:
Fig.3.Two-particle correlation function for
charged particles having transverse
momentum in the interval 0.5 <p,<5GeV
and N5 =120.

studies. ATLAS physicists measured

the performance of electron, muon and
T-lepton reconstruction, the reconstruction
and energy calibration of jets, and the
reconstruction of “displaced” decays of
long-lived particles, such as weakly decaying
hadrons containing a bottom quark. The
precision of the position measurements

of displaced decay locations (vertices) is
significantly improved by the new IBL
detector.

ATLAS used these data to classify the
production of JAp particles at 13 TeV in
terms of their immediate (“prompt”) and
delayed (“non-prompt”) origin. While
non-prompt JAp production is believed
to be well understood via the decay of
b hadrons, prompt production continues to be
mysterious in some aspects.

ATLAS also performed a first study of
the production of energetic, isolated photons
and a first cross-section measurement of
inclusive jet production in 13 TeV proton—
proton collisions. Both are correctly
described by state-of-the-art theory.

The data samples at high collision energy
contain copious numbers of Z and W bosons,
the mediators of the weak interaction, whose
leptonic decays provide a clean signature
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in the detector that can be exploited for
calibration purposes. ATLAS has studied
the kinematic properties of these bosons,
also in association with jet production.
Their abundance in 13 TeV proton—proton
collisions is found to be consistent with the
expectation from theory. ATLAS has also
observed some rare di-boson (ZZ) events,
which — with a hundred times more data—
should allow the direct detection of Higgs
bosons. Figure 4 shows a candidate ZZ event.
In higher-energy proton collisions, the
rate of particle production for many heavier
particles for a given luminosity increases.
The heaviest known particle, the top quark
—with a mass approximately 170 times that
of a proton —is predominantly produced
in pairs at the LHC, and the cross-section
for the production of top-quark pairs is
expected to increase by a factor of 3.3 at
13 TeV, compared with the 8 TeV collisions
of Run 1. ATLAS has performed an early
measurement of the top-pair production
cross-section in the cleanest channels
where one top quark decays to an electron,
an electron-neutrino and a jet containing a
b-hadron (“b-jet”), while the other top-quark
decays to a muon, a muon-neutrino and a
b-jet. The small backgrounds from other
processes in this channel allow a robust
measurement with small systematic
uncertainties. The measured cross-section
agrees with the predicted increase of a factor
of 3.3. The precision of the measurement is
limited by the 9% uncertainty in luminosity,
which is expected to improve significantly
during the year. Figure 5 shows the evolution
of the top-pair production cross-section.
Although the available data sample does
not yet allow a significant increase in the
sensitivity to the most prominent new physics
phenomena, ATLAS has exploited the data
to perform important early measurements.
The excellent detector performance has
allowed the confirmation of theoretical
expectations with 13 TeV proton—proton
collision energies.

o Furtherreading

The ATLAS results at 13 TeV are
summarized at https:/twiki.cern.ch/twiki/
bin/view/AtlasPublic/Summer2015-13TeV.

inclusive tt cross-section (pp)

Far left: Fig.4. Display ofaZ
pair-production candidate event with one Z
decaying into electrons and the other Z into
muons. Left: Fig. 5. Cross-section for tf pair
productionin pp and pp collisions, as a
function of centre-of-mass energy. ATLAS
results in the dilepton ey channel at Vs = 13,
8and7TeV,aswell as the Tevatron
combination atVs = 1.96 TeV, are compared
with the NNLO+NNLL theory.
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Reach new heights
in magnetic field
measurement

The Metrolab PT2026 sets a new
standard for precision magnetometers.
Leveraging 30 years of expertise building
the world's gold standard magnetometers,
it takes magnetic field measurement to
new heights: measuring higher fields with
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First results at
13 TeV and more
fromRun1

The highlight of EPS-HEP
2015 for the CMS
collaboration was the
publication of the first
physics result exploring the
new territory at the LHC energy of 13 TeV:
the measurement of the charged-hadron
multiplicity (dN/dm), where 1, the
pseudorapidity, is a measure for the direction
of the particle track. When protons collide at
the LHC, more than one of their constituents
(quarks or gluons) can interact with
another one, so every collision produces an
underlying spray of charged hadrons, such as
pions and kaons, and the greater the energy,
the higher the number of produced particles.
Knowing precisely how many charged
hadrons are created at the new collision
energy is important for ensuring that the
theoretical models used in the simulations
employed in the physics analyses describe
these underlying processes accurately. The
publication from CMS at 13 TeV reports
the differential multiplicity distribution
for values of 1 <2, and a measured density
for central charged hadrons (with Inl<0.5)
of 5.49+0.01 (stat.)=0.17 (syst.). Figure 1
shows the differential distribution and the
energy dependence of the new measurement
compared with earlier data at lower energies.
CMS has, in addition, produced a full
suite of performance plots covering a
range of physics objects and final states,
using up to 43/pb of 13 TeV data. Figure 2
shows the dimuon mass spectrum obtained
from multiple trigger paths, where several
resonances from the w meson to the Z boson
can be seen clearly. The B physics group
in CMS has studied this spectrum in detail
from the J/4 to the Y masses, and also the
decay-time distributions for events with
Jhp or B* mesons. Dedicated performance
plots were presented at the conference for
various muon, electron and photon kinematic
and identification variables, as well as the
measured reconstruction and identification
efficiencies. The reconstruction of several
low-mass states, including K, A, D D*, B*,
B’ and B,, demonstrate the good performance
of the CMS tracker. In addition, the position of
the beam spot has been measured in all three
dimensions. Simulations are already found
to reproduce these physics-object data well at
this early stage.
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Fig. 1. Left: Measured charged-hadron production as a function of pseudorapidity. Right:
The multiplicity in the central region compared with previous measurements at lower

energies (CMS Collaboration 2015).
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Fig.2.The dimuon invariant-mass spectrum
from several different trigger paths.

The physics groups in CMS have also
started to study several processes at 13 TeV
in some detail. One highlight is a first look
for searches in the dijet invariant-mass
spectrum, which so far reaches up to
approximately 5 TeV (figure 3). Results
of the same analysis on Run 1 data were
released only in spring, but CMS is already
continuing the search where it ended at
8 TeV up to 13 TeV, thus demonstrating the
collaboration’s readiness for discovery
physics in the new energy regime. The TOP
group has studied top—antitop (tt) events
in the dilepton and lepton+jet channels,
in addition to taking a first look at events
consistent with the production of single
top quarks.

While eagerly jumping on the new data,
CMS continues to produce world-class
physics results on the Run 1 data collected at
7 and 8 TeV. The collaboration has recently
approved more than 30 new results, which
were shown at the conference. These include
searches for new physics as well as precision
Standard Model measurements. The results
presented include measurements of the
two-photon production of W-boson pairs
through the interaction of two photons,
the electroweak production of a W boson
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Fig.3.The dijet invariant-mass spectrum,
showing the expected signal distribution
from a hypothetical particle with a mass of
4.5TeV decaying into two jets.

accompanied by two jets, production rates
for particle jets at 2.76 TeV compared with 8
TeV, as well as the production of two photons
along with jets.

Discovered more than two decades ago,
the top quark continues to play a vital role
in physics analyses for both measurements
and searches, because it is the heaviest
elementary particle known so far. New CMS
results with this special type of quark include
measurements of the tt production rates in the
fully hadronic sample, and a measurement of
the ti-+bb process as well as the tt production
in conjuction with aZ or W boson. In addition,
searches for signs of new physics continue,
most recently in the process where top decays
to acharm quark and a Higgs boson,t—cH,
and the Higgs boson transforms to photons.

On the Higgs front itself, CMS has
performed three new searches for
non-Standard Model Higgs bosons
containing t leptons in the decay products,
while on the supersymmetry front, analyses
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have looked for dark-matter candidates and
other supersymmetric particles. Heavy-ion
results from Run 1, using proton—proton,
proton—lead and lead—lead collisions,
include Y polarization as a function of
charged-particle multiplicity in proton—
proton collisions, Z-boson production,

jet-fragmentation functions in proton—lead
collisions, and nuclear modification of
Y states in lead—lead collisions.

o Furtherreading
CMS Collaboration 2015 arXiv:1507.05915 [hep-ex],
submitted to Phys. Lett. B.

Performance Studies with 13 TeV data:
https://twiki.cern.ch/twiki/bin/view/CMSPublic/
PublicPlotsEPS2015.

Results from Run 1 data released for EPS: https://
cms-docdb.cern.ch/cgi-bin/PublicDocDB/Retriev
eFile?docid=12660&filename=CMS_summary_
EPSHEP15_EN_technical.pdf.

J/\ mesons, b decays and more

AtEPS-HEP2015,the LHCb

collaboration presented the

first measurement of the JAp

production cross-section in
proton—proton (pp) collisions at 13 TeV. Using
this measurement, they also determined the
b-quark cross-section at this new, higher
energy.

Jhp mesons can be produced both
“promptly”, in the pp collision, and as a
product of decays of B hadrons, dubbed
“Jhp-from-b”. The two components are
visible in figure 1, which shows the J/yp
decay-time distribution with respect to the
pp collision time. The black points with
error bars show the data, the solid red line
indicates the best fit to the data, and the
prompt J/4 contribution is shown in blue.
The black line indicates the JAp-from-b
contribution, which falls exponentially with
a time constant characteristic of the lifetime
of B hadrons.

While the prompt JAp cross-section is
interesting for constraining QCD models, the
Jhp-from-b cross-section is used to compute
the b-quark pair total cross-section. The data
at 13 TeV confirm the expected rise of the
B-particle production rate of about a factor
two with respect to 7 TeV. This increase will
enable LHCb to obtain even more precise,
interesting and, hopefully, surprising results
inLHCRun2.

This analysis was the first to benefit from
anew scheme for the LHCb software trigger
that was introduced for Run 2. Splitting the
event selection into two stages, it allows
alignment and calibration to be performed
inreal time after the first stage of the
software trigger and then used directly in
the second stage. The same alignment and
calibration information is propagated to the
offline reconstruction, to ensure consistent
and high-quality particle-identification
information in the trigger and offline. The
identical performance of the online and
offline reconstruction achieved in this
way offers the opportunity to perform
physics analyses directly using candidates
reconstructed in the trigger — the online
reconstruction is used, for example, in the
JAp cross-section measurement. The storage

of only the triggered candidates leads to
areduction in the event size of an order of
magnitude, permitting an increased event
rate with higher efficiency.

LHCb also presented the determination
based on Run 1 data of the Cabibbo—
Kobayashi—-Maskawa (CKM) matrix
element IV, |, which describes the transition
of ab quark to a u quark. The measurement
— published during the conference in Nature
Physics —was made by studying a decay
A baryon, AY — puv, (LHCb 2015a). The
measurement of decays involving a neutrino
is very challenging at a proton collider, and
it was quite a surprise that this measurement
could be done.

Measurements of IV, | by previous
experiments had returned two sets of
inconsistent results, depending on the method
used. Inclusive determination using all
b—> ulv transitions where 1 is either a muon or
an electron give values of [V, | above 0.004,
while exclusive determinations, mainly
from B — ztlv, yield values around 0.003.
This could be explained by a new particle,in
addition to the W boson, contributing to the
quark transition with aright-handed current.
LHCb’s new measurement is of the exclusive
category, but is the first to involve a baryon
decay and hence a spin-1/2 particle. The
resultis IV, 1=(3.27+0.15+0.16+0.06) x 103,
where the uncertainties are experimental,
related to the theoretical calculation, and to
the value of [V, |, respectively. This number
agrees with previous exclusive determinations
and is inconsistent with the hypothesis
of new right-handed currents. So it still
leaves the puzzle of why the inclusive and
exclusive measurements do not agree. Further
intensive research, both at the experimental
and theoretical level, will continue to try to
understand this disagreement.

While the above measurement constrains
one side of the CKM unitarity triangle, the
other (the third being unity) is best constrained
by the B-meson oscillation frequency. LHCb
presented the most precise measurement to
date at the conference, using semileptonic
BYdecays. The result of (503.6+2.0+1.3) ns™!
is consistent with, but more precise than, the
world average (LHCb 2015b).
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Top: Fig. 1. Pseudo decay-time distribution of
JIp candidates in one bin of transverse
momentum ppand rapidity. Above: Fig.2.
Two-particle correlations in azimuthal angle
¢ and pseudorapidity n for events recorded in
the Pb+p configuration in the highest
event-activity class. The near-side peak
around (0,0) is truncated in the histograms.

In other highlights from Run 1, the
collaboration reported new results on
long-range correlations in proton—lead
collisions. LHCb’s latest measurements show
that the so-called “ridges” seen in the most
violent collisions span across even larger
longitudinal distances, as figure 2 shows at
A¢=0 below the (truncated) peak at (0,0).
This is the first time that the effect has been
seen in the forward direction (LHCb 2015¢).
Moreover, because of its acceptance, the
LHCDb experiment distinguishes between
configurations where the lead-ion enters
from the front and those where it is the
proton. Somewhat unexpectedly, the ridge is
seen in both cases.

o Furtherreading

LHCb Collaboration 2015a Nature Physics
doi:10.1038/nphys3415.

LHCb Collaboration 2015b LHCb-CONF-2015-003.
LHCb Collaboration 2015¢ LHCh-CONF-2015-004.
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First light for the PAU camera

PAUCam, the camera for the Physics of

the Accelerating Universe (PAU) project,
has been successfully installed and
commissioned at the William Herschel
Telescope (WHT) at the Roque de los
Muchachos Observatory on the island of
LaPalma. Installation took place on 3 June,
with commissioning following during the
subsequent four nights.

The innovative instrument is designed
to measure precisely and efficiently the
redshift of galaxies up to large distances —
galaxies whose light is only now reaching
Earth after starting its journey when the
universe was less than half the size of what
itis today. One of the primary goals of the
project is to study how the expansion rate of
the universe is increasing under the influence
of the mysterious dark energy that makes
up nearly 70% of the universe. PAUCam’s
competitiveness comes from its ability to
obtain redshifts that are more precise than
those of current photometric surveys, over
avolume with a larger number density of
galaxies than in spectroscopic surveys.

The camera is mounted at the prime focus
of the 4 m-diameter WHT, which is part
of the Isaac Newton Group of Telescopes,
operated at present by a consortium between
the governments of the Netherlands, Spain
and the UK. The location at the prime
focus of the WHT imposes severe weight
limitations that are in conflict with the
complexity and large size of the instrument.
The solution was to build the main body
of the camera with carbon fibre, with
engineering developed in Spain.

Another innovation of the camera is in
the technique used to measure redshifts.
With PAUCam, the redshift is measured
photometrically, where the same object is
imaged multiple times with its light passing
through filters of different colours. PAUcam
uses a set of 40 narrow-band filters, each
passing lightin a 10 nm-wide band, from
wavelengths in the range of 450-850 nm.
Another set of filters passes the light in six
wider bands,named u, g,1,1,zand Y. The
large number of narrow-band filters allow a
determination of redshifts with a precision of
0.003(1+4z), where z is the redshift parameter,
or 10(14z) Mpc, the characteristic scale of
linear growth in the universe.

The photometric technique used in
PAUCam contrasts with the spectroscopic
technique, where the redshift of an object is
determined by analysing its light through a
spectrograph. The latter technique allows
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PAUCam’s 18 CCD sensors give a wide field of view, as seen in this image acquired on
6 June of M51, the Whirlpool galaxy, situated at about 23 million light-years from Earth.

(Image credits: IFAE.)

very precise determination of redshifts,

but at the expense of much longer exposure
times. Furthermore, only the spectra of
previously selected objects are analysed,
while the photometric technique determines,
in principle, the redshift of all of the objects
in the region of the sky being imaged. In

the case of PAUCam, the expectation is to
measure the redshift of about 50,000 objects
every night of observation. The camera
covers the entire field of view of the

WHT (1 square degree) with a mosaic of

18 Hamamatsu Photonic red-sensitive CCDs,
each with 4000 x 2000 pixels.

PAUCam has been designed and built over
the past six years by a fruitful collaboration
between astronomers, cosmologists and
particle physicists in a consortium of Spanish
institutions. The idea to build an instrument
capable of contributing significantly to
cosmological measurements arose in 2007,
in the context of the Consolider Ingenio 2010
project financed by the Spanish government.
This programme had as its objective the
achievement in Spain of highly innovative
projects.

The PAUCam team is now being joined
by other European groups to conduct a
survey, named PAUS, with the objective
of scientifically exploiting the capabilities
of the camera. Aside from the survey,
observation time with PAUCam will be
made available to the international scientific
community, for astronomical as well as
cosmological measurements.
® PAUCam was designed and built by a
consortium comprising the Institut de Fisica
d’Altes Energies (IFAE), the Institut de
Ciencies de I’'Espai (ICE-CSIC/IEEC) and
the Port d’Informacié Cientifica(PIC), all in
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Top: The filter-tray “jukebox” holding the
six large-area wide-band filters. A similar
Jjukebox, with seven trays, holds the large
number of narrow-band filters, each the size
ofa CCD. Above: The PAUCam instrument
mounted in the prime focus of the WHT.

Barcelona, and the Centro de Investigaciones
Energéticas Medioambientales y
Tecnolégicas(CIEMAT) and the Instituto

de Fisica Tedrica (IFT-UAM/CSIC), both in
Madrid.
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Fermilab sets neutrino-heam
record

InJune, Fermilab’s Main Injector
accelerator sustained a 521 kW proton beam,
and set a world record for the production
of high-energy neutrinos with a proton
accelerator. The 120 GeV proton beam is
used to provide high-energy neutrinos or
antineutrinos to three experiments at the
laboratory: the long-baseline experiments
MINOS+ and NOvVA (CERN Courier June
2015 p17) and the neutrino-interaction
experiment MINERVA (CERN Courier
April 2014 p26).

The record beam surpasses that of the
proton beam of more than 400kW achieved
at CERN for the CERN Neutrinos to Gran
Sasso (CNGS) beamline, which provided
neutrinos for the ICARUS and OPERA
long-baseline experiments. The highest
beam powers for fixed-target proton
beams are achieved with protons in the
giga-electron-volt range. Both the Spallation
Neutron Source at Oak Ridge National
Laboratory and the cyclotron facility at
the Paul Scherrer Institute in Switzerland
create proton beams with powers in excess
of 1 MW. In the 1990s, Los Alamos National
Laboratory operated a 0.8 GeV proton beam
at about 800 kW for its low-energy neutrino
experiment, LSND.

The power of the proton beam is a
key element in producing neutrinos at
accelerators: the more protons packed
in the beam, the higher the number of
neutrinos and antineutrinos produced and
the better the chance to record neutrino
interactions. The protons strike a target

Aview of the Main Injector —a powerhouse for neutrino beams. (Image credit: Fermilab.)

to create pions and other short-lived
particles; the higher the proton energy,

the larger the number of pions produced.
Magnetic-focusing horns direct the charged
pions into a vacuum pipe that is centred
along the desired neutrino-beam direction.
As the pions decay, they produce neutrinos
and antineutrinos that are boosted in the
direction of the original pions.

Since 2011, Fermilab has made significant
upgrades to its accelerators and reconfigured
the complex to provide the best possible
particle beams for neutrino and muon
experiments. The next goal for the 3.3km
circumference Main Injector accelerator is
to deliver 700 kW in 2016 — double the beam
power produced in the Tevatron era.

Fermilab plans to make additional
upgrades to its accelerator complex over
the next decade. The Proton Improvement
Project-11 includes the construction of a
800 MeV superconducting linac. Its beam
would enable the Main Injector to provide
more than 1.2MW of proton beam power
for the international Deep Underground
Neutrino Experiment (CERN Courier April
2015 p20).

Fermilab also operates a second neutrino
beamline, powered by its 8 GeV booster
accelerator. This provides neutrinos for
the Short Baseline Neutrino programme,
which comprises three neutrino detectors:
MicroBooNE (construction complete),
ICARUS (upgrades underway at CERN)
and the Short Baseline Neutrino Detector
(construction to start in 2016).
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Why seahorses have square tails

Most animals have tails with round
cross-sections, but tails of seahorses have
square ones. Michael Porter of Clemenson
University in South Carolina and colleagues
have now explained why. Using 3D printing
to make articulated models of square and
circular tails and test them, they found that
while cylindrical tails could twist better, the
square cross-section provides more contact
area and helps the tail to relax, reducing the
energy the animal has to expend to grasp
things. The square cross-section is also
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Why do seahorses, left, have
square tails? A tail with square
segments, right, creates more
contact points with the surface

. that it is gripping, compared with
atail that has round segments.
(Image credits: Florin
Dumitrescu, left, and Michael
Porter/Clemson University.)

three times stiffer and four times stronger
under compression.

o Furtherreading
MM Porter etal. 2015 Science 349 aaa6683-1.

Metal deuterium

It has long been suggested that hydrogen,
under enough pressure, would become
metallic, and this transition has now been
seen, at least in deuterium. Marcus Knudson
of Sandia National Laboratories in New
Mexico and colleagues used the SandiaZ
machine, which can produce currents of

20 MA and magnetic fields of 10 MG, to
produce shock waves via an aluminium plate
to squeeze liquid deuterium by more than
300 GPa for around a tenth of a microsecond.
Between 280-305 GPa, there was an abrupt
transition to a shiny metallic state. Standard
hydrogen may take more effort, but this gives
plenty of insight into how solid hydrogen
might behave, with significant implications
for ideas about gas-giant planets such as
Jupiter.

o Furtherreading
MD Knudson et al. 2015 Science 348 1455.

Bacteria make superfluids

Genuine superfluidity is normally associated
with extreme cold, but zero viscosity has
come about in an unexpected way, thanks to
bacteria. Harold Auradou of the University
of Paris-Sud and colleagues have found that a
solution with Escherichia coli swimming in
ithad a shear viscosity that depended on the
concentration of bacteria. Above a threshold,
they saw a “superfluid-like” transition
where, macroscopically, the self-organized
swimming of the bacteria overcame the
dissipative effects arising from viscous loss.

o Furtherreading
HM Lopez etal. 2015 Phys. Rev. Lett. 115 028301.

Buckyballs in space

Buckyballs are
famous for
their
soccer-ball-
like structure,
with 60 carbon
atoms. (Image
credit: NASA/
JPL-Caltech.)

Numerous “diffuse interstellar bands” (DIBs)
inthe absorption spectra of the interstellar
medium have been puzzling astronomers
since their discovery nearly 100 years

ago. Now, thanks to Ewen Campbell of

the University of Basel and colleagues,

two infrared lines (at 9632.7+0.1 and
9577.5+0.1 A) have been matched up with
laboratory measurements of spectra of

the buckminsterfullerene or “buckyball”

ion G, in the gas phase cooled to 5.6 K.
Buckminsterfullerene has a low ionization
potential, so finding it as an ion is not
surprising, but the origin of the molecule itself
in space and the nature of the rest of the DIBs
are still mysterious.

o Furtherreading
EK Campbell etal. 2015 Nature’523 322.

Weyl point seen

Back in 1929, Hermann Weyl proposed
an equation for massless particles with a
conical point in its dispersion relation —

the “tip” of the mass shell, also called the
“Weyl point”. Neutrinos have mass, so do
not fit his equation, but now the Weyl point
has turned up in a solid-state system.
Following earlier theoretical suggestions,
Su-Yang Xu of Princeton University
and colleagues used photoemission
spectroscopy to show that TaAs is a Weyl
semimetal, with Weyl fermions as emergent
quasiparticles. They clearly demonstrated
Weyl cones and the Weyl point for
propagation in the bulk, as well as Fermi
arcs on the surface. The work is generating
great excitement because this is, in many
ways, a 3D analogue of graphene, and
promises a range of applications.

o Further reading
S-YXu etal. 2015 Science DOI: 10.1126/science.
2aa9297.

Mining waste

Sewage in the US could be a useful source
of high-value metals. Paul Westerhoff of
Arizona State University and colleagues
have found that the amounts of the 13 most
lucrative elements — Ag, Cu, Au, P, Fe, Pd,
Mn, Zn,Ir, Al,Cd, Ti,Ga and Cr — add up
to be worth a total of $280 for each tonne
of sludge. This corresponds to around

$8 million per million people, or more than
$2.5 billion per year for the country as a
whole. The metals enter the wastewater
system from a variety of industries and the
challenge will be to extract them from the
sludge in an economical way.

o Further reading

P Westerhoff et al. 2015 Environ. Sci. Technol.
10.1021/es505329q.
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Astrowatch

CompiLep BY MARc TURLER, ISDC AND OBSERVATORY OF THE UNIVERSITY OF GENEVA, AND CHIPP, UNIVERSITY OF ZURICH

Do magnetars power hour-long gamma-ray bursts?

Based on optical observations, a team

of astronomers has, for the first time,
demonstrated a link between a very
long-lasting gamma-ray burst (GRB) and

an unusually bright supernova explosion.
The results show that the supernova was not
driven by radioactive decay, as expected, but
most likely by the spin down of a magnetar,
aneutron star with an extremely strong
magnetic field.

GRBs have intrigued astronomers since
their discovery nearly 50 years ago by US
military satellites intended to detect nuclear
test explosions conducted by the Soviet
Union. Mysterious gamma-ray flashes were
detected, not from Earth, but from random
directions in the sky. It was only some
30 years later that the detection of their
precise locations and the measurement of
their redshifts by follow-up observations
proved them to be very luminous events from
remote galaxies. The further evidence that
some of them are associated with supernova
explosions settled the issue of their true
nature as being a manifestation of the core
collapse of a massive star (CERN Courier
September 2003 p13).

Astronomers usually distinguish two main
classes of GRBs: the short ones that flare up
for less than about 2 s and the longer ones.
Among the latter, there are a few outstanding
bursts lasting more than 10,000 s, which have
been proposed to originate in the explosion
of giant stars with much larger radii (CERN
Courier June 2013 p12). A team led by
Jochen Greiner of the Max-Planck-Institut
fiir extraterrestrische Physik in Garching,

Artist’s impression of a supernova and
associated gamma-ray burst driven by a
magnetar, a rapidly spinning neutron star
with a very strong magnetic field.

(Image credit: ESO.)

Germany, has now shown that a supernova
explosion is associated with one of these
rare ultra-long-duration GRBs, namely
GRB 111209A. The supernova’s presence
has been derived from observations of the
afterglow emission by two telescopes of
the European Southern Observatory in
Chile: the GROND instrument on the 2.2 m
telescope at La Silla and the X-shooter
instrument on the Very Large Telescope at
Paranal.

The supernova’s spectral and timing
properties are both very peculiar. Its
luminosity is intermediate between
the supernovas usually associated with

GRBs and a new class of super-luminous
supernovas discovered in 2011. The
exceptional luminosity of the latter would

be due to energy injection from a rapidly
rotating magnetar — a neutron star with a huge
magnetic field of up to about 10'° T. The same
process could be at play in the supernova

of GRB 111209A. Indeed, the huge amount
of nickel needed to explain the observed
light curve by radioactive decay of **Ni is

not compatible with the rather featureless
spectral shape, which suggests a star of low
metallicity. While Greiner and colleagues
cannot prove that a magnetar is at the origin
of the ultra-long GRB of 9 December 2011,
nor the source of the luminous and peculiar
supernova they observed, they can rule out
alternative possibilities, leaving this as the
most likely one.

Magnetars have already been invoked to
explain the long-lasting afterglow emission
of some GRBs (CERN Courier May 2007
p11). Now they seem to be needed to account
for powering the prompt emission of some
of these powerful flashes of gamma rays.
Their advantage is that they would provide
acontinuous power supply, from hours to
months, by losing rotational energy through
magnetic-dipole radiation. The flexibility of
the magnetar model fits peculiar GRBs and
supernovas well, but what about the more
standard GRBs? Could they also be powered
by a new-born magnetar rather than by a
black hole?

o Furtherreading
J Greiner etal. 2015 Nature523 189.

Picture of the month

Welcome to Pluto! Thanks to NASA’s New Horizon mission, astronomers
and the general public alike now know what the dwarf planet Pluto looks
like. Even with the eye of the Hubble Space Telescope, Pluto can only be
seen as a little patchy marble. A journey of more than nine years was needed
from Earth to this previously outermost planet—now called a dwarf planet

— to take this snapshot. Unlike ESA’s Rosetta spacecraft, which orbits the
comet 67P/Churyumov—Gerasimenko (CERN Courier October 2014 p17),
New Horizon was not planned to go into orbit around Pluto, but just flew by
on 14 July. This high-resolution true-colour image was assembled from
fourimages taken by the Long Range Reconnaissance Imager (LORRI). It

Q00O L

shows a bright region in the shape of a heart contrasting with darker areas
harbouring mountains rising more than 3000 m above the surface. The

brightest area is an intriguing craterless, frozen plain, which is possibly still
being shaped by geologic processes. (Image credit: NASA/JHUAPL/SwRI.)
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Creotech Instr SAisac y that was fc
by three Polish scientists who met while working at CERN.
Initially, the company was engaged in research projects
carried out by Polish and European universities. Today,
Creotech is the biggest Polish player in the space industry,
aswellas facturer and supplier of highly regarded
precision measuring instruments for research institutes
around the world.

The MTCA technology components and devices for
time synchronization, compliant with the White Rabbit
standard and produced by Creotech are, among others,
used by CERN, the GSI Helmholtz Centre for Heavy lon
Research and the German Electron Synchrotron DESY
in Hamburg.

Located in close proximity to the Polish capital,
Creotech Instruments SAis increasing employment
and the range of operation. While a few years ago the
company employed 10 people, today a team of more than
50 specialists is employed at Creotech. The employees
work ina modern sterile assembly room, meeting the
highest standards and requirements of the European
Space Agency (IS0 8and IS0 6-7). Inthe corridors of
Creotech can be met not only the staff involved in current
projects, but also students from technical universities
worldwide, who participate in workshops and internships.
The most talented young Polish scientists join the Creotech
Instruments team, often before they graduate.

The production of advanced measurement and control
solutions for science is, beside activities in the space
sector, the most important part of Creotech Instruments
business. Before the creation of the company, the
founders had worked in the laboratories at CERN, and
so they understand the specific needs that scientists
engaged in the study of elementary particles and high-
energy physics have.

The users of the measuring instruments manufactured
by Creotech Instruments appreciate them for their
reliability and quality, and the competitive price of the
components supplied by the Polish company is also not
without significance. The relatively low labour costs
allow the Polish market to manufacture at far less cost
than Western Europe, the US or Japan. High quality in
combination with the relatively low price is one of the
biggest competitive advantages of Creotech Instruments.
The Open Hardware philosophy is an important feature
of Creotech Instruments’ products, and is in accordance
with the CERN Open Hardware Licence (CERN OHL). This
guarantees a high-quality product and full possibility of

modification by the user, along with additional support
for the user community.

White Rabbit - in defence of Einstein

Facing the challenge of synchronizing the powerful
detectors and other elements of the Large Hadron
Collider, The European Agency for Nuclear Research,
CERN, started an initiative of creating a new standard
for the time synchronization of devices. The standard
was named “White Rabbit”, and devices produced
inaccordance with the standard guarantee time
synchronization to one nanosecond. The design and
manufacture would be as Open Hardware.

Creotech Instruments was one of the first to become
involved with the project and to implement the White
Rabbit standard successfully. Since the delivery of the
first series of White Rabbit standard measuring cards
to CERN, the components produced by Creotech have
reached and been utilized by research institutions in
France, Germany, the Netherlands, the UK, Spain, Russia
and the US. Creotech has expanded the range of White
Rabbit supporting products with modules complying with
MTCA-the AFC and AFCK cards. The company has also
worked with the leading MTCA equipment suppliers to
expand the standard support for White Rabbit.

White Rabbit modules:

FMC carriers: AFCK, AFC, SPEC, SVEC

Example configuration: White Rabbit Switch + SPEC +
FMCADC 100M 14B 4CH —remote, multichannel digital
oscilloscope

MicroTCA applications - flexibility and modularity
Measurementand controlapplications produced

by Creotech Instruments are based onthe MicroTCA
modular platform.The company produces RTM, RTU,
ADC,DACand TDC measurement cards, FPGAtechnology
AMCbase modules, 10 cards and other functional units.
Currently, the Creotech Instruments offerincludes more
than 20 different types of components, allowing for the
creationofaround 90% of applications for measuring
andtesting systems, forexample EGSE for the space
sectororthe beam-trajectory measurementsystemin
the Proton Synchrotron.

Modular control systems based on the MicroTCA
platform are characterized by their fast-data-transfer
ability (up to 40 Gbit/s) and include an integrated, high-
performance computer and data concentrator, as well as
solutions for the integration of multiple MTCA devices in

CERNCOURIER
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complete systems. The modular design provides great
flexibility and allows for the use of a variety of interfaces.
Creotech is the only commercial supplier of AMC modules
supporting the White Rabbit protocol and in compliance
with the CERN OHL.

Creotech Instruments’ measurement applications
based on MTCA are utilized by scientific institutions,
elementary particle accelerators and experimental
reactors. The modularity and flexibility of the components
developed by Creotech also allows for commercial use of
the technology by industrial companies, the space sector
and aerospace industries.

MTCA modules
Example configuration: 16-channel Software Defined Radio
mounted on an antenna mast. Another application is the
Position Beam Pickup for 4 electromagnetic pickup units.

-Dual AMC box

-2xAFCK

-4 xFMC16B 4CHADC 250M

-4 x10 Gbit Ethernet over SFP +

- GPS receiver, optionally White Rabbit (SFP module)

astime source.

The system provides signal acquisition, DSP processing,
and interface transfer of 40 Gbit/s to the PC. Alternatively,
the configuration uses dual PCle x 4 port via fibre-optic
cable (QSFP connector and PCle-QSFP interface card).

Creotech DUAL BOX AMC, RTM and without.

Thanks to highly qualified and dedicated staff, Creotech
Instruments SA provides also services of electronic
assembly in compliance with the most demanding
standards (eg. most restrictive ESA norms). With the
experience gained in the production of equipment working
in space, Creotech ensures quality and reliability at the
highest level.

Creotech Instruments S.A, Gen. L. Okulickiego 7/9
05-500 Piaseczno, Poland

phone: 48222331027

email: support@creotech.pl Web: www.creotech.pl
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1972

A Look BAck To CERN CouRler voL. 12, SEpTEMBER 1972, comPILED BY PEGGIE RIMMER

cI;:)Npmiv)shysics

How to give insight into the concepts of
particle physics? How to show the general
public something of the inherent fascination
and fundamental importance of a subject that
seems so far removed from ordinary affairs
and so dependent on advanced mathematics?
This was the problem confronting Denis
Postle of Tattooist International, the
producer of a film that CERN and the British
Broadcasting Corporation (BBC) have made
as a co-production.

The project started nearly three years ago,
after Postle had come to Geneva to make a
film for the regular BBC science programme
Horizon. This film, like others before it,
talked about CERN, the machines and the
physicists, but the physics remained for the
most part in the background, intangible and
inaccessible.

We needed a new style, a new approach,
and we had to be selective in the phenomena
described. It was pointless to try to cram
into forty minutes of film a physics course
that most students find difficult enough
spread over as many months. In any case,
few members of the public wish to become
physicists overnight. They are interested
in knowing what particle physics has to do
with them, how it relates to their day-to-day
affairs and what this research reveals.

In producing the film, CERN has provided
the physics know-how and many people
have spent a lot of time and effort in trying to
explain the principal themes of present-day

Compiler’s Note

Shots from the CERN/BBC TV film to be
released in November: hadrons (vehicles),
pions (boys) and kaons (adults) prepare for
interactions. The last two carry zero
hadronic charge. They are black, grey and
white for negative, zero, and positive electric
charge. Unfortunately, from a photograph it
is not possible to hear the hypercharge!
(Image credits: CERN/BBC.)

research in simple terms —none more so
than R Hagedorn. The BBC, in the person
of Peter Goodchild, editor of Horizon, has
provided expertise on presentation and has
been the final arbiter on audience acceptance.
Postle as producer has turned the talk into
atheme, pictures and text. Compounds
have become bubble rafts, atoms concert
halls, protons motorcars, pions small boys,
interactions dances, and quarks a series
of moves in a special game of chess. The
accelerators, the ISR and the big detectors
remain in the background, giving place to a
machine gun and paper target that provided
the participants at least with a lot of fun. The
music has been composed and is played by
Pete Townshend of The Who.

The film is meant to be entertaining

Jeremy [Newson] confronts the quark model
ona special chessboard.

but it is, nevertheless, a serious attempt to
show something of the methods behind the
research, and to give some impression of the
surprising order and harmony underlying
the disorders and divisions usually more
apparent in our daily lives.

For the BBC, it represented a new
approach, both in technique and
organization. For Tattooist, it was a challenge
to get to grips with a subject that must be one
of the most difficult to portray. For CERN, it
is another experiment —if not in physics, at
least in physics communication.

Comment from a physicist: “We risk
making high-energy physics crystal clear
to the public and totally obscure to the
physicist!”
® Compiled from texts on pp 288—289.

In 2012, the first Collide@CERN artist-in-residence was German-born Julius von Bismarck, and the first Dance and
Performance prizewinner was Swiss choreographer Gilles Jobin. Working together, they produced Quantum, an ode to particle
physics for six dancers. This widely acclaimed fusion of dance and lighting premiered in the CMS cavern for CERN’s Open Days
in September 2013, and has since been on a world tour. It can be seen on YouTube.

But this was not CERN’s first foray into fusion. Forty years earlier, CERN and the BBC co-produced the TV film Shadows of Bliss,
which aired on 2 November 1972. The audible hypercharge was presumably Pete Townshend. A rock composer of some repute,
Townshend was also known as a collider, smashing his guitar against stationary targets during performances by The Who.

Many sequences were changed or dropped as a result of trial audience reactions, and a representative of the public — young
poet and actor Jeremy Newson —became a permanent part of the film. Jasia Reichardt, a highly esteemed contemporary
reviewer, wrote that “the film is excellent and will give a lot of pleasure to scientists as well as those completely innocent of
high-energy physics.” Shadows of Bliss can be seen at https://cds.cern.ch/record/1023489.

Among the harbingers of summer at CERN, mostly high-flying migratory physicists, is an occasional bird of paradise. One of these exotics was
performance artist James Lee Byars, pictured on the CERN Couriercover in September 1972 and at https://cds.cern.ch/record/2012228. Just a glimpse of
his distinctive plumage — flowing hair, panama hat, white suit and silver shoes — sometimes on the restaurant terrace, sometimes in a quiet corner of the site,

and we knew that the sunny season had arrived!
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Antiprotons
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Partnerships beyond metals

Sixty years after the discovery of the antiproton
at Berkeley, a look at some of the ways that
studies with antiprotons at CERN have cast
light on basic physics and, in particular, on
fundamental symmetries.

On 21 September 1955, Owen Chamberlain, Emilio Segre, Clyde
Wiegand and Tom Ypsilantis found their first evidence of the anti-
proton, gathered through measurements of its momentum and its
velocity. Working at what was known as the “Rad Lab” at Berkeley,
they had set up their experiment at a new accelerator, the Bevatron
— a proton synchrotron designed to reach an energy of 6.5 GeV,
sufficient to produce an antiproton in a fixed-target experiment
(CERN Courier November 2005 p27). Soon after, a related experi-
ment led by Gerson Goldhaber and Edoardo Amaldi found the
expected annihilation “stars”, recorded in stacks of nuclear emul-
sions (figure 1). Forty years later, by combing antiprotons and posi-
trons, an experiment at the Low Energy Antiproton Ring (LEAR)
at CERN gathered evidence in September 1995 for the production
of the first few atoms of antihydrogen.

Over the decades, antiprotons have become a standard tool for
studies in particle physics; the word “antimatter” has entered into
mainstream language; and antihydrogen is fast becoming a labo-
ratory for investigations in fundamental physics. At CERN, the
Antiproton Decelerator (AD) is now an important facility for stud-
ies in fundamental physics at low energies, which complement the
investigations at the LHC’s high-energy frontier. This article looks
back at some of the highlights in the studies of the antiworld at
CERN, and takes a glimpse at what lies in store at the AD.

Back at the Bevatron, the discovery of the antineutron through
neutral particle annihilation followed in 1956, setting the scene
for studies of real antimatter. Initially, everyone expected perfect
symmetry between matter and antimatter through the combination
of the operations of charge conjugation (C), parity (P) and time
reversal (T). However, following the observation of CP violation
in 1964, it was not obvious that nuclear forces were CPT invari-
ant and that antinucleons should bind to build antinuclei. These
doubts were laid to rest with the discovery of the antideuteron at
CERN by ateam led by Antonino Zichichi, and at Brookhaven by
a team from Columbia University, including Leon Lederman and

=
antiproton -
S e e =L - f) P
profon ————— i

\ " i
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100 um

Fig. 1. One of the first annihilations of an antiproton observed at
the Bevatron with a photographic emulsion. The antiproton
enters from the left. The fat tracks are from slow protons or
nuclear fragments, the faint tracks from fast pions. (Image
credit: O Chamberlain et al. 1956 Nuo. Cim. 3 447.)

Sam Ting (CERN Courier May 2009 p15 and October 2009 p22).
A decade later, evidence emerged for antihelium-3 and antitritium
in the WA33 experiment at CERN’s Super Proton Synchrotron,
following the sighting of a few candidates at the 70 GeV proton syn-
chroton at the Institute for High Energy Physics near Serpukhov.
More recently, the availability of colliding beams of heavy ions
has led to the observation of antihelium-4 by the STAR experi-
ment at Brookhaven’s Relativistic Heavy-lon Collider (CERN
Courier June 2011 p8). At CERN, the ALICE experiment at the
LHC observes the production of light nuclei and antinuclei with
comparable masses and therefore compatible binding energies
(figure 2, p22).

Exit baryonium, enter new mesons

Back in 1949, before the discovery of the antiproton, Enrico Fermi
and Chen-Ning Yang predicted the existence of bound nucleon—
antinucleon states (baryonium), when they noted that certain repul-
sive forces between two nucleons could become attractive in the
nucleon—antinucleon system. Later, quark models based on dual-
ity predicted the existence of states made of two quarks and two
antiquarks, which should be observed when a proton annihilates
with an antiproton. In the 1970s, nuclear-potential models went
on to predict a plethora of bound states and resonance excitations
around the two-nucleon mass. There were indeed reports of such
states,among them narrow states observed in antiproton—proton >
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Antiprotons

ICE, the AA and LEAR

The construction of LEAR took advantage of the antiproton facility that was
builtat CERN in 1980 to search for the W and Z bosons at the Super Proton
Synchrotron (SPS) operating as a pp collider (CERN Courier December 1999
p15). The antiprotons originated when 26 GeV protons from the PS struck
atarget. Emerging with an average momentum of 3.5 GeV/c, they were
collected in the Antiproton Accumulator (AA), and a pure antiproton beam
with small transverse dimensions was generated by stochastic cooling. Up to
10" antiprotons a day could be generated and stored. The antiprotons were
then extracted and injected into the PS. After acceleration to 26 GeV, they were
transferred to the SPS where they circulated in the same beam pipe as the
protons, butin the opposite direction. After a final acceleration to 270 GeV, the
antiprotons and protons were brought into collision.

For injection into LEAR, the 3.5 GeV/c antiprotons from the AA were
decelerated in the PS, down to 600 MeV/c. Once stored in LEAR, they
were further decelerated to 60 MeV/cand then slowly extracted with a

dE/dx in TPC (arb.units)
o

-3

p/z (GeV/c)

Fig.2. Energy loss (in arbitrary units) versus momentum of
negatively and positively charged particles in the ALICE
time-projection chamber, showing antideuterium, antitritium
and antihelium-3 in addition to electrons, pions, kaons and
antiprotons, together with expectation (dashed curves). The data
were taken in lead—lead collisions at 2.76 TeV. (Image credit:
ALICE Collaboration.)

(pp) annihilation at CERN’s Proton Synchrotron (PS) and in
measurements of the pp cross-section as a function of energy (the
S meson with a mass of 1940 MeV).

Baryonium was the main motivation for the construction at
CERN of LEAR, which ran for more than a decade from 1982
to 1996 (see box). However, none of the baryonium states were
confirmed at LEAR. The S meson was not observed with a sen-
sitivity 10 times below the signal reported earlier in the pp total
cross-section. Monoenergetic transitions to bound states were also
not observed. The death of baryonium was a key topic for the Anti-
proton 86 Conference in Thessaloniki. What had happened? The
high quality of the antiproton beams from LEAR meant that all

22

typical intensity of 10¢/s. LEAR started up in 1982 and saw as many as

16 experiments before being decommissioned in 1996. The LEAR magnet
ring lives on in the Low Energy lon Ring, which forms part of the injection
chain for heavy ions into the LHC.

LEAR also benefitted from the Initial Cooling Experiment (ICE), a
storage ring designed in the late 1970s to test Simon van der Meer’s idea
of stochastic cooling on antiprotons, and later to investigate electron
cooling. After essential modifications, the electron cooler from ICE went
on to assist in cooling antiprotons at LEAR, and is now serving at CERN’s
current antiproton facility, the AD (CERN Courier September 2009 p13). ICE
also contributed to measurements on antiprotons, when in August 1978, it
successfully stored antiprotons at 2.1 GeV/c—a world first — keeping them
circulating for 32 hours. The previous best experimental measurement
of the antiproton lifetime, from bubble-chamber experiments, was about
10-*s; now, it is known to be more than 8 x 10° years.

of the pions had decayed. The high intensity of antiprotons (10%s
compared with about 10%/s in extracted beams at the PS) and a high
momentum resolution of 10--10-* was crucial at low energies for
antiprotons stopping with very small range-straggling.

The spectroscopy of mesons produced in pp annihilation at rest
in several experiments at LEAR proved to be much more fruit-
ful. This continued a tradition that had begun in the 1960s with
antiprotons annihilating in the 81 cm Hydrogen Bubble Chamber
at the PS, leading to the discovery of the E meson (E for Europe,
now the 1(1440)) and the D meson (now the f,(1285)) in pp — (E,
D — KKm)m. The former led to the long-standing controversy
about the existence in this mass region of a glueball candidate —a
state made only of gluons — which was observed in radiative J/p
decay at SLAC’s e*e™ collider, SPEAR. With the startup of LEAR,
the experiments ASTERIX, OBELIX, Crystal Barrel and JET-
SET took over the baton of meson spectroscopy in pp annihilation.
ASTERIX discovered a tensor meson — the AX, now the f,(1565)
—which was also reported by OBELIX; its structure is still unclear,
although it could be the predicted tensor baryonium state.

Crystal Barrel specialized in the detection of multineutral
events. The antiprotons were stopped in a liquid-hydrogen target
and nt° mesons were detected through their yy decays in a barrel-
shaped assembly of 1380 CsI (T1) crystals. Figure 3 shows the
detector together with a Dalitz plot of pp annihilation into 7t’nn’,
measured by the experiment. The non-uniform distribution of
events indicates the presence of intermediate resonances that
decay into 1°°, such as the spin-0 mesons £,(980) and f,(1500),
and the spin-2 mesons f,(1270) and f,(1565). The f,(1500) is a good
candidate for a glueball.

Fundamental symmetries

The CPT theorem postulates that physical laws remain the same
when the combined operation of CPT is performed. CPT invari-
ance arises from the assumption in quantum field theories of
certain requirements, such as Lorentz invariance and point-like
elementary particles. However, CPT violation is possible at very
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Fig.3. Left: The Crystal Barrel experiment installed at LEAR. Right: The Dalitz plot measured by Crystal Barrel for pp annihilation
into i°n’n°. The bright (dark) zones correspond to high (low) event density. For symmetry reasons, there are six entries per event.

(Image credits: CERN and Crystal Barrel Collaboration.)

small length scales, and could lead to slight differences between
the properties of particles and antiparticles, such as lifetime,
inertial mass and magnetic moment.

AtLEAR, the TRAP collaboration (PS196) performed a series
of pioneering experiments to compare precisely the charge-to-
mass ratios of the proton and antiproton, using antiprotons stored
in a cold electromagnetic (Penning) trap. The signal from a single
stored antiproton could be observed, and antiprotons were stored
in the trap for up to two months. By measuring the cyclotron fre-
quency of the orbiting antiprotons with an oscillator and compar-
ing it with the cyclotron frequency of H™ions in the same trap, the
team finally achieved a result at the level of 9 x 10", The experi-
ment used H-ions instead of protons to avoid biases when reversing
the signs of the electric and magnetic fields.

Under the assumption of CPT invariance, the violation of CP
symmetry first observed in the neutral kaon system in 1964 implies
that T invariance is also violated. However, in 1998 the CPLEAR
experiment demonstrated the violation of T in the neutral kaon sys-
tem without assuming CPT conservation (CERN Courier March
1999 p21). The K° and K° morph into one another as a function of
time, and T violation implies that, at a given time t, the probability
of finding a K° when initially a K° was produced is not equal to
the probability of finding a K° when a K° was produced. CPLEAR
established the identity of the initial kaon by measuring the sign of
the associated charged kaon in the annihilation pp — K*K°v or K-
Krt; that of the kaon at time t was inferred by detecting the decays
K°— e~V and K — me*v. Figure 4 shows that a small asymmetry
was indeed observed, consistent with expectations from CP viola-
tion, assuming CPT invariance.

The CPT theorem also predicts that matter and antimatter should
have identical atomic excitation spectra. Antihydrogen —the simplest
form of neutral antimatter consisting of a positron orbiting an anti-
proton — was observed for the first time in the PS210 experiment at
LEAR.Thecirculating 1.9 GeV/c internal antiproton beam traversed
a xenon-cluster jet target, allowing the possibility for an e*e” pair
to be produced as an antiproton passed through the Coulomb field

0.04—

0.02— +

1
.+_

-0.02—— T T T T

Fig.4.The asymmetry in neutral kaon decays measured by the
CPLEAR experiment, as a function of time (in units of the K
lifetime, T3~ 90 ps).

of a xenon nucleus. The e* could then be captured by the antipro-
ton to form electrically neutral antihydrogen with a momentum of
1.9 GeV/c, which could be detected further downstream through
its annihilation into pions and photons. This production process is
rather rare, but nonetheless the PS210 collaboration reported evi-
dence for nine antihydrogen atoms, following about two months of
data taking in August—September 1995, and only months before
LEAR was shut down. The observation of antihydrogen was con-
firmed two years later at Fermilab’s Antiproton Accumulator, albeit
with a much smaller production cross-section.

Atthe AD

A new chapter in the story of antihydrogen at CERN opened in
2000 with the start up of the AD, which decelerates antiprotons
to 100 MeV/c, before extracting them for experiments on antimat-
ter and atomic physics (CERN Courier November 1999 p17). The
PS210 experiment had tried to make antihydrogen in flight, but
to study, for example, the spectroscopy of antihydrogen, it is far
more convenient to store antihydrogen atoms in electromagnetic
traps, justas TRAP had done in its antiproton experiments. This >
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Fig.5. Above: A diagram of the ATHENA antihydrogen detector.
Right: An antihydrogen annihilation event in ATHENA,
reconstructing four charged pions (yellow) and two 511 keV
photons (red). (Image credits: ATHENA Collaboration.)

requires antihydrogen to be produced at very low energies, which
the AD helps to achieve.

In2002,the ATHENA and ATRAP experiments at the AD dem-
onstrated the production of large numbers of slow antihydrogen
atoms (CERN Courier November 2002 p5 and December 2002
p5). ATHENA used absorbing foils to reduce the energy of the anti-
protons from the AD to a few kilo-electron-volts. A small fraction
of the antiproton beam was then captured in a Penning trap, while
positrons from a radioactive sodium source were stored in a sec-
ond trap. The antiproton and positron clouds were then transferred
to a third trap and made to overlap to produce electrically neutral
antihydrogen, which migrated to the cryostat walls and annihilated.
The antihydrogen detector contained two layers of silicon micro-
strips to track the charged pions from the antiproton annihilation; an
array of 192 Csl crystals detected and measured the energies of the
photons from the positron annihilation (figure 5). About a million
antihydrogen atoms were produced during the course of the experi-
ment, corresponding to an average rate of 10 antiatoms per second.

Antihydrogen has a magnetic dipole moment (that of the posi-
tron), which means that it can be captured in an inhomogeneous
magnetic field. The first attempt to do this was carried out at the
AD by the ALPHA experiment, which successfully captured
38 antihydrogen atoms in an octupolar magnetic field (CERN
Courier March 2011 p13). The initial antihydrogen storage time
of 172 ms was increased later to some 15 minutes, thus paving the
way to atomic spectroscopy experiments. A sensitive test of CPT
is to induce transitions from singlet to triplet spin states (hyperfine
splitting, or HfS) in the antihydrogen atom, and to compare the
transition energy with that for hydrogen, which is known with very
high precision. ALPHA made the first successful attempts to meas-
ure the HfS with microwave radiation, managing to flip the posi-
tron spin and to eject 23 antihydrogen atoms from the trap (CERN
Courier April 2012 p7).

An alternative approach is to perform a Stern—Gerlach-type
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experiment with an antihydrogen beam. The ASACUSA experi-
ment has used an anti-Helmholtz coil (cusp trap) to exert forces on
the antihydrogen atoms and to select those in a given positron spin
state. The polarization can then be flipped with microwaves of the
appropriate frequency. In a first successful test, 80 antihydrogen
atoms were detected downstream from the production region
(CERN Courier March 2014 p5).

The ASACUSA collaboration has also tested CPT, using anti-
protons stopped in helium. The antiproton was captured by eject-
ing one of the two orbiting electrons, the ensuing antiprotonic
helium atom being left in a high-level, long-lived atomic state that
is amenable to laser excitation. By using two counter-propagating
laser beams (to reduce the Doppler broadening caused by ther-
mal motion), the group was able to determine the antiproton-to-
electron mass ratio with a precision of 1.3 ppb (CERN Courier
September 2011 p7). An earlier comparison of the charge-to-mass
ratio between the proton and the antiproton had been performed
with a precision of 0.09 ppb by the TRAP collaboration at LEAR,
as described above. When the results from ASACUSA and TRAP
are combined, the masses and charges of the proton and antiproton
are determined to be equal at a level below 0.7 ppb.

CPT also requires the magnetic moment of a particle to be
equal to (minus) that of its antiparticle. The BASE experiment
now under way at the AD will determine the magnetic moment
of the antiproton to 1 ppb by measuring the spin-dependent axial
oscillation frequency in a Penning trap subjected to a strong
magnetic-field gradient. The experimental approach is similar to
the one used to measure the magnetic moment of the proton to a
precision of 3 ppb (CERN Courier July/August 2014 p8). The col-
laboration has already compared the charge-to-mass ratios of the
antiproton and proton, with a fractional precision of 6.9 x 10! (p7).

The weak equivalence principle (WEP), which states that all
objects are accelerated in exactly the same way in gravitational fields,
has never been tested with antimatter. Attempts using positrons or

CERN Courier September 2015

Antiprotons

antiprotons have so far failed, as a result of stray electric or mag-
netic fields. In contrast, the electrically neutral antihydrogen atom
is an ideal probe to test the WEP. The AEgIS collaboration at the
AD plans to measure the sagging of an antihydrogen beam over a
distance of typically 1 m with a two-grating deflectometer. The dis-
placement of the moiré pattern induced by gravity will be measured
with high resolution (around 1 wm) by using nuclear emulsions (fig-
ure 6) — the same detection technique that was used to demonstrate
the annihilation of the antiproton at the Bevatron, back in 1956.

The future is ELENA

Future experiments with antimatter at CERN will benefit from
the Extra Low ENergy Antiproton (ELENA) project, which will
become operational at the end of 2017. The capture efficiency of
antiprotons in experiments at the AD is currently very low (less
than 0.1%), because most of them are lost when degrading the
5MeV beam from the AD to the few kilo-electron-volts required
by the confinement voltage of electromagnetic traps. To overcome
this, ELENA —a 30 m circumference electron-cooled storage ring
that will be located in the AD hall — will decelerate antiprotons
down to, typically, 100 keV. Fast extraction (as opposed to the slow
extraction that was available at LEAR) is foreseen to supply the
trap experiments.

One experiment that will profit from this new facility is GBAR,
which also aims to measure the gravitational acceleration of
antihydrogen. Positrons will be produced by a 4.3 MeV electron
linac and used to create positive antihydrogen ions (i.e. an anti-
proton with two positrons) that can be transferred to an electro-
magnetic trap and cooled to 10 mK. After transfer to another trap,
where one of the positrons is detached, the antihydrogen will be
launched vertically with a mean velocity of about 1 m/s (CERN
Courier March 2014 p31).

It is worth recalling that the discovery of the antiproton in
Berkeley was based on some 60 antiprotons observed during a
seven-hour run. The 1.2 GeV/c beam contained 5 x 10* more pions
than antiprotons. Today, the AD delivers pure beams of some
3x 107 antiprotons every 100s at 100 MeV/c, which makes the
CERN laboratory unique in the world for antimatter studies. Over
the decades, antiproton beams have led to the discovery of new
mesons and enabled precise tests of symmetries between matter
and antimatter. Now, the properties of hydrogen and antihydrogen
are being compared, and accurate tests will be performed with
ELENA. The odds to see any violation of exact symmetry are slim,
the CPT theorem being a fundamental law of physics. However,
experience shows that — as with the surprising discovery of the
non-conservation of parity in 1957 and CP violation in 1964 —
experiments will, ultimately, have the last word.

Fig.6.The annihilation of an antiproton in an emulsion,
observed in the AEGIS experiment at the AD. The faint track
(blue arrow) is produced by a fast pion, while the fat tracks are
from protons or nuclear fragments. (Image credit: AEgIS
Collaboration.)

o Further reading

For more about symmetries and the experiments described
here, see Nuclear and Particle Physics by Claude Amsler
(2015 IOP Publishing), available in print and as an ebook, see
http://iopscience.iop.org/book/978-0-7503-1140-3.

Résumé
Dans le sillage de I'antiproton

Quarante ans exactement apres la premiére observation
d’antiprotons a Berkeley, une expérience menée au CERN
aréunides indices probants de la production des premiers

atomes d’antihydrogéne. Au fil des années, les antiprotons sont
devenus un outil standard de la physique des particules ; le mot
«antimatiére » est entré dans le langage courant ; ’antihydrogene
est envoie de devenir un véritable laboratoire de la physique
fondamentale. L'article s’intéresse a certains faits marquants

des recherches relatives au monde de ’antimatiére au CERN, et
nous en dit plus sur ce que nous pouvons attendre du Décélérateur
d’antiprotons.

Claude Amsler, Albert Einstein Center for Fundamental Physics, University
of Bern, and Christine Sutton, CERN.
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ALICE investigates ‘snowhballs in hell’

nuclei (d, t,*He, “He) and light A-hypernuclei, along with their anti-

How is it that |.OOS€|y bound ObJ ects are 102 p A F @ d He [ 'He An AA 1000 ‘.| Pb-Pb particles. Their measured yields decrease strongly with increasing
Observed N hlgh —energy n UClear CO” ISIOnS? . . \ Vs = 2.76 TeV. (anti)baryon number — the penalty factor for each additional (anti)
. . b 800— baryon is about 300 —hence (anti)*He production is a very rare pro-
Th € Al—l C E COl |ab0 ratlon fl ndS OUt- 14 * BR = 54%:BR = 64% ‘.‘ cess. Note that, because the fireball carries no net baryon number,
= * g the yields of the produced antiparticles closely coincide with the
§ ] 2 6005 corresponding particle yields.

The main goal of the ALICE experiment at the LHC is to produce £ 102 g An interesting question is whether the yields of composite
and study the properties of matter as it existed in the first few micro- & | § 400 | objects can be understood in the same grand-canonical scheme as
seconds after the Big Bang. Such matter consists of fermions and = § discussed above, or whether such loosely bound objects follow a
bosons, the fundamental entities of the Standard Model. Depend- 107 1] I * - different systematics. The deuteron binding energy, for example,
ing on the temperature, T, only particles with mass much less than | 200 — isonly 2.23 MeV, and the energy needed to separate the A hyperon
T are copious. For T < 1 GeV, or about 10° K, these are the u,d and L from a hypertriton nucleus —a bound state of a proton, neutron and
s quarks and the gluons of the strong interactions. In addition, there 107 1 Model T(MeV) V (fmd) %2/NDF 4 "e'-: A—isonlyabout 130 keV, which is much smaller than the chemical

are of course photons, leptons and neutrinos. | —GSiHeidelerg 156+2 5330505 17.4/9 © U : ] T T freeze-out temperature, T, = 156 MeV.
This “cosmic matter” can be produced in the laboratory by 10-8 o 0z 03 p/Z (Gev/lc) 2 e Furthermore, the radii of such loosely bound objects are generally

collisions at relativistic energies between very heavy atomic
nuclei, such as lead at the LHC and gold at Brookhaven’s Rela-
tivistic Heavy Ion Collider (RHIC). In these collisions, a fireball
is formed at (initial) temperatures up to 600 MeV, with a volume
exceeding 1000 fm® — about the volume of a lead nucleus — and
with lifetimes exceeding 10 fm/c, about 3 x 10-23s. This space—time
volume is macroscopic for strong interactions, but charged leptons,
photons and neutrinos leave the fireball without interacting and
play no part in the following discussion. (However, charged leptons
and photons do have a role as penetrating probes of the produced
matter.) Such deconfined cosmic matter is referred to as quark—
gluon plasma (QGP) because its constituents carry colour and can
roam freely within the volume of the fireball. At LHC energies, the
QGP comprises, in addition to gluons, essentially equal numbers
of quarks and antiquarks, i.e. it carries no net baryon number, as
would also have been the case in the early universe.

The produced fireball expands and cools until it reaches
the (pseudo-)critical temperature, T_, of the deconfinement—
confinement transition. Solving the strong-interaction equations
on a discrete space—time lattice leads, in the most recent predic-
tions, to T, =155+9 MeV. The yields of hadrons produced in central
lead—lead (Pb—Pb) collisions at LHC energies and measured with
the ALICE detector can indeed be quantitatively understood by
assuming that they all originate from a thermalized state described
with a grand-canonical thermal ensemble at T, = 1562 MeV;
the “chemical freeze-out” temperature T, is therefore very close
to or coincides with T, (see figure 1). While the overall agreement
between data and model predictions is excellent, there is a 2.80
discrepancy for (anti)protons, which is currently under scrutiny.
Because the volume of the fireball is fixed by the number of par-
ticles produced, the temperature T, is the principal parameter
determined in the grand-canonical analysis.

Such Pb—Pb collisions produce not only hadrons in the classi-
cal sense but also composite and even fragile objects such as light
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Anticlockwise from top left:
Fig. 1.Comparison of data to
thermal-model predictions.
The production yields
measured with ALICE are
shown as red dots and the
results of the calculations are
shown as blue lines. The upper
limits at 99% CL determined
by ALICE are indicated as
black arrows. For clarity,
pions and kaons are left out of
the comparison, but their
yields also fit in very well.

Fig.2. Eventdisplay of a
central Pb—Pb collision. The
highlighted black track
corresponds to an anti*He
nucleus, identified via dE/dx
and time-of-flight (see figure 3).

Fig.3. Measured dE/dx signal
inthe ALICE TPC versus
magnetic rigidity, together
with the expected curves for
negatively charged particles.
The inset panel shows the
time-of-flight mass
measurement, which provides
additional separation between
anti*He and anti*He for tracks
with p/Z>2.3 GeV/c.

very large,even exceeding significantly the range of the nuclear force
that binds them. The rms radius of the deuteron is 2.2 fm, for exam-
ple. Even more dramatically, because of the molecular structure of
the hypertriton ((p+n)+A), its rms radius, which in this case is the
rms separation between the d nucleus and the A hyperon, is about
10 fm — that is, larger than the radius of the whole fireball.

Identification is the key
Before answering the question of how such exotic and fragile
objects are produced, it is important to discuss how well such rare
particles can be measured in the hostile environment of a Pb—Pb
collision. In a central Pb—Pb collision at LHC energies, more than
15,000 charged particles are produced and up to 3000 go through
the central barrel of the ALICE detector, making the task of track-
ing and identifying all of the different particle species quite a
challenge. With ALICE, the identification of all of the produced
particles and, in particular, the measurement of light nuclei and
A-hypernuclei, is only possible because of the experiment’s excel-
lent tracking and particle-identification capabilities via dE/dx and
time-of-flight measurements. This is demonstrated in figure 2,
which shows an event display from the ALICE time-projection
chamber (TPC) for a central Pb—Pb collision. The highlighted
black track corresponds to an identified anti*He track, implying
thateven such rare particles can be tracked with precision. Figure 3
shows the clean identification achieved for anti*He particles.
Atfirstglanceitis surprising that,as figure 1 shows, the measured
yields of deuterons and hypertritons and their antiparticles agree
very well with the yields calculated using the approach described
above for hadrons at the same chemical freeze-out temperature,
T,em= 156 MeV. This implies that the yields of these loosely bound
objects are determined at the phase boundary from the QGP to a
hadron gas. How is this possible for such loosely bound objects
whose sizes are much larger than the inter-particle separation at
the time of chemical freeze-out? >
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To understand this, thermodynamics comes to the rescue. If there
are no more inelastic collisions after chemical freeze-out, then the
transition from the QGP to hadronic matter is followed by an isen-
tropic expansion (i.e. with no change in entropy). Early studies of
nucleus—nucleus collisions at the Berkeley Bevalac already showed
that, for systems with isentropic expansion, the entropy/net-baryon
is proportional to log(d/p), implying that the yield of deuterons and
antideuterons is determined by the entropy in the hot phase of the
fireball. The same mechanism is at play at LHC energies: in this
way, the “snowballs” can survive “hell”, as the experimental data
from the ALICE collaboration show.

These facts can be used to search for even more exotic states.
ALICE has performed a search for two hypothetical strange dibar-
yon states. The first one is the H-dibaryon, which is a six-quark
bound state of uuddss, first predicted by Robert Jaffe in a “bag-
model” calculation in 1977. This early calculation led to a binding
energy of 81 MeV. Recent non-perturbative QCD calculations (on
the lattice) suggest either a loosely bound state or a resonant state
above the AA threshold. The existence of double-A hypernuclei,
such as the ,1He, reduced the allowed binding energy to a maxi-
mum of 7.3 MeV, with the most preferred value around 1 MeV. The
second hypothetical bound state investigated by ALICE is a pos-
sible Anbound state.

The two searches are performed in central (0—10%) Pb—Pb col-
lisions at Vs, =2.76 TeV in the decay modes H-dibaryon — Apm-
and An— d*. No signals are observed in either of the measured
invariant-mass distributions, therefore setting upper limits for
the production yields. These limits are well below the yields pre-
dicted using the grand-canonical scenario discussed above with
T em=156MeV (see figure 1). In fact, the difference between the
upper limit at 99% CL obtained for the Anbound state is a factor
of around 50 below the prediction, whereas the factor between the
upper limit at 99% CL and the model prediction for the H-dibaryon
is close to 25. Given the success of the model in predicting deuteron
and hypertriton yields, it appears that the existence of such bound
states is very unlikely.

With the LHC’s Run 2, which has just started, and much more so
with the upgraded ALICE apparatus in LHC Run 3, it is expected
that ALICE can measure hypernuclei with still higher masses, such
as tHand , {H and the corresponding antiparticles. These would be
the highest-mass antihypernuclei ever observed. In addition, the
hypertriton measurement will be extended in the three-body decay
AH— d+p+7. The much higher statistics expected will also allow
more detailed measurements, such as determination of the ‘He
transverse-momentum spectrum. In addition, searches are under-
way for other hypothetical bound states such as Ann or other exotic
di-baryons.

In summary, the success in describing the production of differ-
ent hadrons and the yields of loosely bound objects with the same
temperature, T, provides strong evidence for isentropic expansion
after the transition from the QGP to a hadron gas. This scenario
naturally explains the observed yields for loosely bound objects. On
the other hand, the upper limits obtained for the H-dibaryon and the
An bound state are well below the model prediction using the same
temperature, T'= 156 MeV, casting serious doubts on their existence.

The ALICE data on light (anti)nucleus production in pp, p—Pb
and Pb—Pb collisions shows that very loosely bound objects are
produced with significant yields for all systems, with the ther-
modynamic limit reached for the Pb—Pb system. The measured
yields are expected to increase with beam energy similar to the way
that the overall multiplicity density does. This implies significant
production of antideuterons from high-energy cosmic rays, with
potential consequences for searches for dark matter. Their yields
can be well predicted within the scenario described here.

o Further reading

For details concerning analysis and interpretation of the produc-
tion of nuclei, hypertriton and exotica, see the following:

ALICE Collaboration J Adam et al. 2015 arXiv:1506.08951 [nucl-ex]

ALICE Collaboration J Adam et al. 2015 arXiv:1506.08453 [nucl-ex].

ALICE Collaboration J Adam et al. 2015 arXiv:1506.07499 [nucl-ex].
AAndronic etal. 2011 Phys. Lett. B697 203.

P Braun-Munzinger and J Stachel 2002 J Phys. G28 1971.

TBhattacharya et al. 2014 Phys. Rev. Left. 113 082001.

J Stachel etal. 2014 J. Phys. Conf. Ser.509 012019.

Résumé
L'omelette norvégienne d’ALICE

1in’y a pas uniquement des hadrons ordinaires dans les débris des

« boules de feu » produites par les collisions d’ions lourds effectuées
alexpérience ALICE aupres du LHC ; ony trouve aussi des objets
composites, aux liaisons laches, tels que deutérons et hypernoyaux
légers et leurs antiparticules. Des études montrent que la production
de ces particules, telle qu’elle peut étre mesurée, concorde trés

bien avec les résultats calculés avec la méme méthode que pour les
hadrons, ce qui implique que les taux de production des objets a
liaison ldche sont déterminés a la limite de phase entre le plasma
quark-gluon de la boule de feu et un gaz hadronique. Comment est-ce
possible ? Laréponse est donnée par la thermodynamique.

Peter Braun-Munzinger, EMMI, GSI, FIAS and Universitét Heidelberg,
Benjamin Donigus, Johann Wolfgang Goethe-Universitat Frankfurt, and
Nicole Loher, TU Darmstadt, EMMI, GSI.
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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 website for further information.
ET Enterprises is now your single source for ‘Electron Tubes’ and ADIT
photomultipliers, including many Photonis replacements.

Use our 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
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Massimo Tarenghi:
a lifetime in the stars

The man who built the largest observatory in
the world talks about his many achievements.

Massimo Tarenghi fell in love with astronomy at age 14, when
his mother took away his stamp collection — on which he spent
more time than on his schoolbooks — and gave him a book entitled
Le Stelle (The Stars). By age 17, he had built his first telescope and
become a well-known amateur astronomer, meriting a photo in the
local daily newspaper with the headline “Massimo prefers a big-
ger telescope to a Ferrari.” Already, his dream was “to work at the
largest observatory in the world”. That dream came true, because
Massimo went on to build and direct the world’s most powerful
optical telescope, the Very Large Telescope (VLT), at the Euro-
pean Southern Observatory (ESO)’s Paranal Observatory in Chile.

“I was born as a guy who likes to do impossible things and I like
to do them 110%,” says Massimo, who decided to study physics at
the University of Milan in the late 1960s “because [Giusepppe]
Occhialini was the best in the world and allowed me to do a the-
sis in astronomy”. His road to the stars began in 1970, when he
gained his PhD with a thesis on the production of gamma rays by
Sagittarius A —at the time a mysterious radio source, which is now
known to harbour the supermassive black hole at the centre of the
Milky Way. This was at the time of the first observations in X rays
and in infrared of the centre of the Galaxy, and the first of many
examples of far-sighted intuition in Massimo’s career.

Following his PhD, Massimo convinced his colleagues at
Milan to support the construction of an infrared telescope on the
Gornergrat in the Swiss Alps. He was then sent to the Steward
Observatory at the University of Arizona, where he did pioneering
work in infrared astronomy. He quickly made himself known with
adaring request for telescope time involving all of the instruments.
“At that time,” he recalls, “there was a clear separation between
astronomy for infrared, spectroscopy or photography, and there
were three levels of use of an instrument: astronomer without assis-
tant, assistant astronomer, or general (university) public. I asked
for all of the instruments — and in particular for the bolometer,
which no one had ever dared ask for!” After a three-hour meet-
ing, his proposal to observe infrared galaxies was judged “very
interesting but totally crazy”. So the committee suggested a com-
promise: 10 of his candidate objects would be observed during
the telescope’s spare time and then they could review the request.
Massimo accepted, and two weeks later seven of his objects had
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Massimo Tarenghi— builder of the world’s bzggest telescope and
an accomplished photographer. (Image credit: M Struik.)

been found to be infrared emitters. “So they gave me the whole
bolometer three-months later. I was lucky!” he says with the same
enthusiasm as the 28-year-old postdoc he was at the time.

It was, once again, pure intuition. Massimo had chosen his
10 objects based on M82,a galaxy that interacts with its larger neigh-
bour M81.“M82 is a beautiful galaxy with explosions and I thought,
when two galaxies interact, they trigger explosions. So I simply had a
collection of interacting galaxies and it came out that this is just what
they did.” This intuition was to be confirmed by what has become a
pillar of astrophysics: when two galaxies interact, the gas inside is
compressed, creating a large number of new stars, which produce a
large amount of infrared emission as they form.

While still in Arizona, Massimo decided to work on the optical
identification of radio galaxies. “At the time, the Hercules clus-
ter was not very well explored, with a redshift of 11,000 km/s.
Compared to the well-known Coma cluster, with a redshift of
5000km/s, itis much further and very difficult to observe between
Arizona’s summer storms,” he explains. “Astronomers came to me
saying that the cluster was ‘theirs’, as they had started work on it
three years earlier. But they had done no observations. So I offered
to collaborate, and we decided that whoever took more galaxies
would be the first author on the publication. They found 19,1 took
all of the rest: 300.” That paper is now a cornerstone in astronomy.
“It was the first time we saw clearly the existence of a void in >
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The award-winning futuristic Residencia for astronomers at
Paranal, conceived by Massimo. (Image credit: ESO/M Tarenghi.)

the universe,” he continues. “There was no galaxy between 6000
and 9000 km/s. Today we know this void is the remnant of the
Big Bang, the structure of the anisotropy of the universe recently
observed by the Planck space telescope.”

Breaking records

Dubbing himself “a difficult person,” Massimo broke new ground
not just in the way that astronomy is done, but by bringing innova-
tion in the way that telescopes are conceived of and built. Intuition,
determination and audacity are indeed the distinctive marks of his
35-year-long career at ESO, which he joined in 1977 as amember of
the Science Group, when the organization was still based at CERN
(CERN Courier October 2012 p26). He had decided to join ESO to
observe with the largest European telescope —the 3.6 m, which was
justbeing inaugurated at ESO’s site at La Silla in Chile.

“I obtained three nights for my cluster of galaxies in the Southern
hemisphere,” he recalls, “but I was the second official user, during
the first week of observation, and nobody knew if it was going to
work. I received those three nights (plus three to compensate in case
of problems) because I was the only one in Europe who had experi-
ence with big telescopes. I started to complain the first night and
obtained the sixth night.” Massimo was then told that there would be
another week of tests and he was asked if he would test the telescope,
so0 he took the full week. “My colleagues were jealous but then were
surprised that I really tested the telescope to adjust and calibrate it.”
After these two weeks, he went back to Geneva and told ESO’s direc-
tor that astronomers need to be associated with the construction of
telescopes from the start. “So I created the role of ‘friend of instru-
ment’ and for each instrument we associated one astronomer in
charge,” he explains. The role of instrument scientist, commonplace
now at the large telescopes worldwide, is thus Massimo’s invention.

Unsurprisingly, he then became project scientist for ESO’s next
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telescope, the 2.2 m. Built for the Max Planck Institute, it had been
destined for Namibia originally, but with Italy and Switzerland
about to join ESO in 1981, the decision was taken to install it at
ESO’s site at La Silla. “The Italians are very aggressive astrono-
mers,” Massimo explains, “so we needed to increase telescope
time, and I was asked to take the 2.2 m telescope from Heidelberg,
put it in place in La Silla, and run the team.” They had to do
everything: they had no dome, no foundations, and a budget of
only DM 5 million, which was a very limited amount compared
with other projects of a similar size. But, as Massimo says, “when
you have no money you do great things,” and he had anidea. “I saw
athin aluminium dome on the last page of an amateur astronomers’
magazine, and I asked an engineer in my team to design a scaled-
down version of our dome.” With the concrete foundations laid
almost manually, and the help of three engineers recruited from
Zeiss to build a new electronic system, they succeeded in installing
the telescope for a total cost of DM 7 million.

The 2.2 m telescope saw its first light in June 1983, with a record-
breaking angular resolution of 0.6 arc seconds. “The reason is sim-
ple,” says Massimo. “The dome was so small that we had to move all
the electronics underneath, so there was no source of heat coming
from the telescope, and that’s how we learnt how to remove heat from
the dome.” It was also the first telescope to be operated remotely.
“We took the controls from the upper floor to the lower floor, and
when we saw that it worked, with the software engineer we decided
to do remote control from La Serena. Everybody was laughing, say-
ing it would never work, but there was no reason it should not!”” At the
time, the connection was through a telephone line — not with optical
fibre — and only in one direction. Massimo explains that when they
needed somebody to close the dome on the other side, they used
the phone to communicate from La Serena to La Silla. On the first
occasion, he recalls, “I forgot the guy was still there. All night he was
waiting for my call,and he waited five, six hours before he decided to
call me, asking whether he could. . .go to the toilet!”

In 1983, Massimo was asked to be project manager for the New
Technology Telescope (NTT), a 3.6 m optical telescope that saw
first light six years later. With a record-breaking resolution of
0.33 arc seconds, it produced sharper images of stellar objects than
ever obtained with a ground-based telescope. The NTT was the
prototype for a new type of telescope that would make the VLT
possible. The main revolutionary feature was the application of
active optics, in which a thin and flexible primary mirror is kept
in its correct shape by a support system that responds to continual
real-time analysis of a stellar image. It was ESO’s Ray Wilson who
invented the system, but Massimo was involved from early on,and
his former institute in Milan
built the first test bench with
which the system was shown
to work in the early 1980s. The
thin-mirror technology allowed
by active optics was the break-
through that enabled the con-
struction of the next generation
of much larger telescopes, in
particular the VLT, built on a
second ESOsite in Chile, on the

(Image credit: M Struik.)
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mountain of Cerro Paranal in the Atacama desert.

The VLT was proposed in 1986 and approved in 1987. Massimo
was given the responsibility to build it in March 1988 by ESO’s
director-general Herry van der Laan, and was later fully supported
by the following director-general, Riccardo Giacconi. He was part
of the team that decided to go from 4 m to 8 m mirrors that could
be combined as an astronomical interferometer — a technique that
was still in its early days. With four fixed 8.2 m-diameter Unit
Telescopes (UTs) and four 1.8 m-diameter movable Auxiliary
Telescopes (ATs), the VLT is today the most advanced optical
observatory in the world. The UTs work either individually or in a
combined mode using interferometry, while the ATs are entirely
dedicated to interferometry. “I had under me 250 technicians. It
was the craziest project I ever managed,” Massimo remembers,
“and I learnt a lesson: if you want to work in the biggest observa-
tory in the world you have to build it!”

Building the Paranal Observatory was not just a scientific expe-
rience for Massimo, he is at also at the origin of the award-winning
futuristic Residencia, chosen as the set for the James Bond film
Quantum of Solace.“I wanted something that could make astrono-
mers at Paranal become human again after 13 or 14 hours of obser-
vation, to experience the pleasure of water, and of green, red and all
the colours missing in the desert,” he explains. “This is the dream
we recreated in this place, water in the desert, for the people work-
ing at the most advanced telescope in the world.”

After the VLT, Massimo went on to direct another “crazy”
astronomy project, the Atacama Large Millimeter/submillimeter
Array (ALMA), the first truly global collaboration in astronomy
(CERN Courier October 2007 p23). He also conducted the explo-
ration work for the site of the next-generation facility, the Euro-
pean Extremely Large Telescope (E-ELT), with arecord-breaking
39 m-diameter mirror. Construction work started at the Cerro
Armazones, the chosen site for E-ELT, in March 2014. Massimo,
who celebrated his 70th birthday at the end of July, officially retired
from ESO in 2013, but he has not stopped working for European
astronomy. He still commutes between the ESO sites in Chile, San-
tiago and Munich, supporting ESO’s public-relations activities in
Chile —and spending endless nights photographing the unique sky
above the Atacama desert.

Résumé
Massimo Tarenghi : une vie parmi les étoiles

Massimo Tarenghi est tombé amoureux de l’astronomie a I’dge de
14 ans, le jour o sa mére lui a confisqué sa collection de timbres
pour lui donner un livre intitulé Le Stelle (« Les étoiles »). A

17 ans, il avait construit son premier télescope et son réve était
déja de « travailler dans le plus grand observatoire du monde ».
Sonréve s’est réalisé puisqu’il a fini par construire et diriger le
télescope optique le plus puissant jamais produit, le Very Large
Telescope (VLT), a l'observatoire Paranal (Chili), dépendant de
I’Observatoire européen austral (ESO). Il évoque ici les nombreux
défis qu’il a dii relever au cours de sa carriere.

Paola Catapano, CERN, met with Massimo Tarenghi during a visit to the
Paranal observatory in July.
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Co-0PERATION

U nprecedented Sri Lanka strengthens partnership with CERN
speed, resolution

partnership with the aim of formalizing

Ravinatha
Aryasinha,
left, and Rolf
Heuer, signing
the expression

and broadening their co-operation. To this

a n d C h a n n e l d e n S |ty end, CERN’s director-general, Rolf Heuer,

and Sri Lanka’s permanent representative

at the United Nations in Geneva, Ravinatha of interest.
Aryasinha, signed an expression of interest (Image credit:
on 25 June 2015. CERN-

The agreement incorporates Sri Lanka in PHOTO-

201506-146-7.)

CERN’s High School Teachers and Summer
Student programmes. It also aims at preparing
a platform that will allow more scientists

from Sri Lanka to participate in CERN’s
cutting-edge research programmes. Several

Keysight M9709A 8-bit High-Speed Digitizer
32 channels, 16 ch. (interleaved)
1-2GS/s

DC to 300 MHz or DC to 500 MHz scientists from Sri Lankan universities have countries. To allow for broader and more Sri Lanka is the most recent Asian
already participated in LHC experiments sustained participation, discussions have country to have strengthened its partnership
within frameworks such as sabbatical leave, begun on forming a “cluster” of Sri Lankan with CERN. Others include those as diverse
while others have participated as visiting universities and research institutes with the as Bangladesh, Thailand, Indonesia and
scientists employed by universities in other aim of joining one of the LHC collaborations. ~ Mongolia.

APPOINTMENT

A B h I = Amber the hardware computing systems for the
m be r Oe n e I n Boehnlein. high-energy physics programme. Prior to
(Image her time at SLAC, she served a three-year
ta kes c h a rg e Of credit: assignment as the US Department of Energy’s
Jefferson Office of High Energy Physics programme
. . — . . . Lab. anager for the US Large Hadron Collider
Keysight AXle high-speed digitizers provide the ideal solution for advanced IT at Jefferson Lab ab) getec‘%grgper:ﬁons prfgrammi_ omee
experiments in hydrodynamics, plasma fusion, and particle physics. Build a large Having gained a PhD in physics in 1990
Keysight M9703A 12-bit High-Speed Digitizer number of synchronous acquisition channels in the smallest footprint - simply Amber Boehnlein is the new chief at Florida State University, Boehnlein
8 channels, 4 ch. (interleaved) . L ) . . information officer (CIO) at Jefferson was a member of the D@ collaboration at
’ : by populating a chassis with your choice of digitizers. With unprecedented Lab. As CIO, she is responsible for the Fermilab from 1991 to 2013, and served as
1-2GS/sor1.6-3.2GS/s measurement fidelity, advanced IP design and on-board real-time data processing Information Technology (IT) Division as 4 the collaboration’s computing and software
DC to 650 MHz or DC up to 2 GHz these digitizers bring new research insight within reach. well as the IT systems, including scientific — ) co-ordinator from 1999 to 2006. As a
data analysis, high-performance computing, ~SLAC from 2011. At SLAC she gained staff scientist in the Computing Division
IT infrastructure and cyber security. expertise in computational physics relevant at Fermilab, she was responsible for the
Boehnlein arrived at Jefferson Lab in to light sources and large-scale databases computing and application support for all
June, having led the Computing Division at for astrophysics, as well as overseeing Fermilab-based experiments.
AwaRrps
CERN’s leading role in international who supports human ventures.
scientific co-operation has beenrecognized @ For more about the event, see .
HARDWARE + SOFTWARE + PEOPLE = RESEARCH INSIGHTS ‘ s s o ooy e

with a 2015 Hermes Innovation award. The rencontre-innovation.com/.
European Institute for Creative Strategies

Discover how to simplify your high-speed, gnd Innqve}ti(.)n make.s tlle awar(lils for 1 Frédérick Bord(y, cel?tre with the Hermes
multichannel acquisition system KEYS I G HT humgnls.tlc innovation” annually to se ected award, Marc Giget, rlsi}t, and Sylvie
. N N . organizations and companies that have Borzakian, left, respectively, founder/
www.keysight.com/find/physicsaxie TECHNOLOGIES excelled in offering more satisfaction to president and director of the Club de Paris
society through their products and services.  des Directeurs de l'Innovation and the
Unlocking Measurement Insights The awards, which are linked to up to eight European Institute for Creative Strategies
themes, are named after Hermes — in Greek and Innovation. (Image credit: M lesci/
© Keysight Technologies, Inc. 2015 mythology an ingenious and inventive god Hermes Award.)

Agilent’s Electronic Measurement Group is now Keysight Technologies.
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Philippe Lebrun
honoured by the
cryogenic
community

CERN’s Philippe Lebrun has received the
prestigious Samuel C Collins Award from
the Cryogenic Engineering Conference.
Named after the American physicist
who developed the first practical helium
liquefiers, the award is given to an individual
“who has remarkably devoted themselves in
the identification and solution of cryogenic
engineering problems, and has subsequently
demonstrated their concern for the cryogenic
community with their dedicated and
unselfish professional service and leadership
to this community”.

Lebrun conducted the R&D on the
superfluid helium cryogenic system for
the LHC. He then led CERN’s Accelerator
Technology Department during the
construction of the machine, and played a
major role during the construction of the
cryogenic high-field magnets. He received
the award during the 2015 Cryogenic
Engineering Conference and International
Cryogenic Materials Conference, which took
place on 28 June—2 July in Tucson.

Philippe Lebrun, right, receiving the award
from Ray Radebaugh, chair of the Awards
Committee of the Cryogenic Engineering
Conference and a former recipient of the
award.(Image credit: Werner K Huget.)
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Della Negra and Virdee receive
awards for leadership

The “founding fathers” of CMS, Michel
Della Negra of CERN and now Imperial
College, and Tejinder Virdee of Imperial
College, have been awarded, respectively, the
2014 André Lagarrigue Prize and the 2015
Glazebrook Prize.

Della Negra is cited as “a leader
with a deep understanding of physics,
in Lagarrigue’s lineage” and for his
“outstanding qualities as a builder of
experimental devices of great complexity” in
his role as a major player in the discoveries at
CERN of the W, Z and Higgs bosons.

Virdee is cited for “his leadership of
the CMS experiment at the LHC, where
evidence for the Higgs boson was revealed
after 20 years of research” and for “his
prominent role in the innovative design and
lengthy construction of the CMS experiment,
in particular the scintillating-crystal-based
electromagnetic calorimeter, a vital piece of
the ‘toolkit’ necessary to discover the Higgs
boson”.

Della Negra started his career at the
College de France with a thesis in 1967 on a
bubble-chamber study of proton—antiproton
annihilations at rest. He then pursued physics
at the Intersecting Storage Rings at CERN,
where he convinced the Split Field Magnet
collaboration to focus on high-p, physics.
Having there demonstrated the capabilities
of a 4m multi-purpose detector, he became
involved in the proposed proton—antiproton
collider in the Super Proton Synchrotron,
and made decisive contributions to the
design of UA1 — another 47t detector.

Virdee carried out his graduate studies
at Imperial College London, on the hybrid
bubble-chamber at SLAC.In 1979, as a
CERN fellow he worked on the NA14
photo-production experiment, where the
fractional electric charge of the quarks was
measured. Virdee also collaborated on the
UALI experiment at CERN. His keen interest
in hadron-collider physics and precision
calorimetry in UA1 led to his prominent role
in the CMS experiment.

Della Negra and Virdee were among
the first physicists to support the project
that became the LHC. In 1989, they
started thinking of a 4mt detector for the
new machine, based on a strong magnetic
field produced by a large solenoid capable
of containing the inner tracker and the
calorimeters. Della Negra focused on
the optimization of the muon and trigger

Michel Della Negra, right, and Tejinder
Virdee, recipients, respectively, of the
Lagarrigue award and the Glazebrook prize,
inthe CMS controlroom in 2008. (Image
credit: CERN.)

systems, and Virdee on a high-precision
electromagnetic calorimeter, with a view
to discovering the Higgs boson through its
decay into four muons and two photons.

In 1992, Della Negra was elected the CMS
collaboration’s first spokesperson, with
Virdee as his deputy, until 2006. This period
saw the conception, R&D and prototyping,
and much construction of the CMS
experiment. During this period, Della Negra
and Virdee took many critical and difficult
decisions to ensure the optimal performance
and success of the CMS experiment. In 2006,
Virdee was elected spokesperson for three
years, during which he oversaw the complex
task of the completion of construction,
installation and commissioning underground,
and the first collision data-taking. The
discovery of the Higgs boson by both the
ATLAS and CMS experiments at the LHC
was announced in July 2012.

The Lagarrigue award, established
in 2005 under the aegis of the French
Physical Society, pays tribute to André
Lagarrigue, director of the Laboratory of
Linear Accelerator (LAL, Orsay) from
1969 to 1975, who had a major role in the
discovery of neutral weak interactions with
the Gargamelle bubble-chamber at CERN.
Co-funded by the CEA, CERN, Ecole
Polytechnique, IN2P3-CNRS, LAL and
Université Paris-Sud, the prize is awarded
every two years.

The Glazebrook medal and prizeisa
premier award of the UK’s Institute of
Physics (IOP), and is named after its first
president.
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I0P recognizes
work in
deep-inelastic
scattering

For distinguished work in particle physics,
Amanda Cooper-Sarkar of Oxford
University has been awarded the IOP’s
Chadwick Medal and prize. She receives
the award for “her study of deep-inelastic
scattering [DIS] of leptons on nuclei, which
has revealed the internal structure of the
proton”. As a world expert in DIS, her career
has covered all forms of lepton—proton
scattering and the study of QCD to elucidate
the structure of the nucleon.

Cooper-Sarkar has distinguished
herself in devising techniques to distil the
experimental data into knowledge that

L ‘;' .;; .?;Ll

Amanda Cooper-Sarkar receives the IOP’s
Chadwick Medal. (Image credit: University
of Oxford.)

could be interpreted and extrapolated in
QCD. She was recently a leading figure in
preparing the final papers in the area of DIS
from the Hadron Electron Ring Accelerator
at DESY, and also plays a leading role in the
ATLAS groups at CERN that are making
new measurements of the proton’s structure
function.

The Royal Society
honours particle
physics

Peter Higgs, professor emeritus at the
University of Edinburgh, has joined the
ranks of Charles Darwin, Humphry Davy
and Albert Einstein by winning the world’s
oldest scientific prize, the Royal Society’s
Copley Medal, which was first awarded
in 1731. Higgs receives the 2015 award
for his work that contributed to what is
known as the Brout—Englert—-Higgs (BEH)
mechanism, which endows fundamental
particles with mass. The particle known
as the Higgs boson — the emissary of this
mechanism — was discovered by the ATLAS
and CMS experiments at the LHC in 2012.
The Royal Society has also recognized
research in particle physics and at the
LHC with the awarding of one its Royal
Medals to Chris Llewellyn Smith, who was
director-general of CERN from 1994 to
1998. Llewellyn Smith is honoured for “his
major contributions to the development
of the Standard Model, particularly his
success in making the case for the building
of the Large Hadron Collider”. The Royal
Medals, founded by King George IV in
1825, are awarded for the most important
contributions in the physical, biological and
applied sciences.

A Copley Medal for Peter Higgs, top, and a
Royal Medal for Chris Llewellyn Smith,
above. (Image credits: B Nyman, top, and
C Llewellyn Smith.)
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OUTREACH

MoEDAL takes monopoles to London

The MoEDAL experiment at the LHC

and its “Monopole Quest” were on show
at the Royal Society’s 2015 Summer
Science Exhibition on 30 June-5 July. The
week-long display of the most exciting
cutting-edge science and technology in
the UK took place, as customary, at the
society’s base in London. The exhibition
featured 22 exhibits, where hundreds of
visitors could meet the scientists, try some
of the hands-on activities or attend inspiring
talks and events.

Visitors to the MOEDAL exhibit could
design their own monopole detector, take
partin the “Citizen Science” project to
search online for monopole tracks in exposed 3
MoEDAL plastic nuclear-track detectors,and  Members of the MoEDAL team at the Royal Society Summer Exhibition (with their
test MOEDAL trapping volumes for captured ~ MoEDAL medals), on shift at the first formal soirée. Left to right: Arttu Rajantie and
monopoles. They could also visualize a Edward Gillman of Imperial College London, Mairi Sakellariadou of King's College
Dirac monopole and investigate radioactivity =~ London, James Pinfold of the University of Alberta, and Anna Evans, Caitlin Cooke and
on their mobile phones using a MoOEDAL Becky Parker of the Simon Langton School. (Image credit: Courtesy J Pinfold.)

TimePix Chip. Involvement was awarded

with gifts and prizes, which included a soared to higher than 30 °C. London, King’s College London, CERN, the
MoEDAL medal. There was fun for all, ® The MoEDAL groups involved in University of Alberta, Langton Star Centre
including the team looking after the exhibit, ~ proposing,designing and eventually staffing and the Simon Langton Grammar School for
despite the unusual London temperatures that  the exhibit were from Imperial College Boys.

CONFERENCE

QCD-Montpellier celebrates 30th anniversary

Every one to two years, Montpellier hosts
the International Conference in Quantum
Chromodynamics (QCD). Initiated in 1985
by Stephan Narison, director of research

of the French National Research Centre for
Scientific Research at the Laboratory of
Universe and Particles of Montpellier, as a
conference on non-perturbative methods,
it took on the name QCD in 1990, and since
2001 has alternated with the International Ak PR | BEA, J i
High-Energy Conference (HEPMAD) in Participants at QCD 15. (Image credit: alizé photo.)
Madagascar. This year, QCD-Montpellier
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celebrated its 30th anniversary at its 18th
edition, which took place on 29 June-3 July.
During its 30 years, the conference
has welcomed many world experts to
Montpellier, including Nobel prizewinners
—Jack Steinberger attended in 1997, David
Gross in 1998 and Gerard 't Hooft in
1998 and 2002 — as well as winners of the
JJ Sakurai prize: Stanley Brodsky in 1990
and 2014, Mikhail Shifman in 2008 and
2010, and Valentin Zakharov, who has been a
member of the International Committee and
regular participant since 1996.
The conference also provides training

for doctoral students and young postdocs,
who are often present and talk for the first
time in front of international QCD experts.
The meeting’s size of around 100 attendees,
with equal numbers of theorists and
experimentalists, allows participants to
interact in a relaxed atmosphere, created by
the well-organized social events and by the
beauty of Montpellier and its surroundings,
which favour discussions and the initiation of
future collaborations.

Unlike other workshops,
QCD-Montpellier covers all aspects of
QCD including those related to searches for

| (@) (@) tm) (@)

new physics beyond the Standard Model. It
is also a meeting where new experimental
results are often presented before the large
international particle-physics conferences
—or at the same time, as with the special
session that took place on 4 July 2012 to
present the Higgs discovery by ATLAS and
CMS by video conference.

@ For more on QCD 15, visit www.lupm.
univ-montp2.fr/users/qcd/qed15/Welcome.
html. For HEPAMD 15, which will take
place on 17-22 September, see www.lupm.
univ-montp2.fr/users/qcd/hepmad15/
Welcome.html.
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Certiied occording

150 9001:2008 ANNIVERSARY

Conference celebrates 60 years of Yang—Mills theories

On 1 October 1954, Physical Review

Certiied occording
PED 97/23/EC

! ZELM €x published the seminal paper by Chen-Ning
Yang and Robert Mills that was to
Cerfedacoring become a cornerstone of theoretical

HTEX 94/9/C

physics. The Yang—Mills gauge field
theory laid the foundation of the Standard

n I m@ Model of particle physics, and also went
= o) on to have widespread applications in
‘ w : kn ' statistical physics, condensed-matter
[ | physics, atomic and nonlinear optics and
1 i} - Member of the @RCP Group nonlinear systems. In May, the Institute of
. B v @ . | o @ [E": Advances Studies, Nanyang Technological
5 Q:I ] s ° S 2 i University in Singapore, held a major
® | £ 5 7: I conference on “60 years of Yang—Mills
% =3 g = 2 gauge field theories”, attracting more than
= . i g 2 180 participants from around the world.
E’ % % 7 . WEKA AG - Switzerland Many eminent speakers. attended to present
3 H e 2 - Schiilistrasse 8 - CH-8344 Biiretswil results related to Yang-Mills gauge theories,
= : o lc’ ] . 3:; Phone +41 43 833 43 43 1nclud1ng,.1n pe}rtlgular, Yang himself. ‘ -.
2 = S = Fax +4143 833 43 49 (Sadly, Mills died in 1999.) The presentations g
s s S H ) included interdisciplinary talks by Paul Chu )
info@wekeag.ch - wunw.weka-ag.ch on “A possible paradigm shift in the search for  Participants surround Chen-Ning Yang, centre front.(Image credit: Institute of Advanced
ARCA Flow Group worldwide: Fvon Roh | Fvon Roh | = higher T.”, Robert Crease on “Yang-Mills for  Studies, Nanyang Technological University.
(‘"gl'e'e‘:“e(i;“o‘;"ﬁve; :“'“:2 & cryogenics G‘B‘Ssb WARTER e sy (HEKE) hiftoriaris and philosophers” and /%ntti Niemi e ’ >
on “Folding proteins at the speed of life”. when Yang and Mills shared an office during  creating an Asian version of CERN, where
There were also interesting reminiscences the summer at Brookhaven Laboratory, Asian countries could work with scientists
by Yu Shi and Zhong-Qi Maof theimmense  the conference also included a round-table from the rest of the world to uncover new
A L I B A V A contributions by Yang to physics in general. discussion on the role of regional labs levels of fundamental physics.
In addition, David Gross, Michael Fisher and hubs in promoting collaboration in @ For more about the conference, see
/ @ ; - 9 v & and Yang gave public lectures on personal theoretical and fundamental physics. www.ntu.edu.sg/ias/upcomingevents/
e : : = perspectives on physics. Various suggestions were made during the Yang-Mills60/. The proceedings will be
INSTRUMENTS FOR DETECTION Because the famous paper was written discussion, including strong arguments for published by World Scientific.
Visit

" Compact systems to read out microstrip detectors and

individual channel energy characterization. The prime minister of the Italian
Republic, Matteo Renzi, visited
CERN on 7 July, accompanied

by Italy’s minister for education,
university and research, Stefania
Giannini. They were welcomed by
members of the CERN management
together with Carlo Rubbia, former
director-general and senator for life
of the Italian Republic. During the visit
they toured the ATLAS control room,
as well as the ATLAS experimental
area and the LHC tunnel, before
meeting Italian physicists working at
CERN. Left to right: Sergio Bertolucci,
CERN’s director for research and
scientific computing, Matteo Renzi,

. . . Fabiola Gianotti, director-general
The destination for high-energy designate at CERN, Stefania Giannini,

i H Rolf Heuer, CERN’s director-general,
ph}/SICS news and JObS and Carlo Rubbia. (Image credit:

CERN-PHOTO0-201507-150-103.)
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OBITUARIES

Bernard Hyams 1925-2015

Bernard Hyams, a distinguished scientist
who worked at CERN for 32 years, died on
15 May at the age of 90.

Bernard began his research career
in Patrick Blackett’s Laboratory at
Manchester University, where he joined
the teaching staff in 1950 and worked on
amagnetic spectrograph to measure the
momentum of single cosmic-ray particles.
He went on to lead the group that setup a
cosmic-ray experiment at the Pic du Midi
Observatory, which in 1953—-1955 observed
eight well-identified unstable particles
having properties consistent with the Ku.
He submitted his PhD thesis, on a search
for antiproton production by high-energy
cosmic-ray particles, in 1955.

Visiting CERN on sabbatical in 1958,
Bernard participated in an experiment
conducted in the Lotschberg Tunnel in the
Swiss Alps, which showed that the nucleon
lives longer than 2 x 10% years —a subject that
was to gain importance many years later. He
accepted a staff appointment at CERN in 1959
and performed one of the first experiments at
the Proton Synchrotron (PS), demonstrating
that in pion decay the muon’s spin behaves as
expected. After studying vector-meson decays
into muon pairs, he then spent several years
working on precision measurements with
pions. In the mid-1960s, together with Ulrich
Stierlin of MPI Munich, he organized a group
specializing in meson spectroscopy, which as
the CERN-Munich collaboration, went on to
perform a long series of experiments at the PS,
well into the 1970s.

When the Intersecting Storage Rings (ISR)
started operation at CERN early in 1971,
there was no experiment in place that was
capable of looking for quarks, even though
the ISR were constructed as a “discovery
machine”. So Bernard acted decisively,
supporting a small and mostly young team
of physicists who proposed a relatively
simple experiment to search for the putative
particles, which many people expected to be
discovered at the ISR. Thanks to Bernard’s
leadership, the ISR Committee swiftly

Bernard Hyams. (Image credit: Vincent
Chabaud.)

approved the experiment, R402, which —
unsurprisingly with hindsight — found no
candidates.

Around 1974, the CERN-Munich
group joined forces with others to form
the long-lasting Amsterdam—CERN-
Cracow—Munich—Oxford—Rutherford
(ACCMOR) collaboration, which performed
a well-known series of experiments at the
Super Proton Synchrotron, first in the West
Area (WA3), before moving to the North
Area (NA11 and NA32). With the discovery
of charmed particles, Bernard became
interested in the study of their decays using
silicon-microstrip detectors, which were
implemented in the NA32 experiment.

In the early 1980s, he became a pioneer
of the use of silicon microstrips for
high-precision vertex measurements at
particle colliders, in particular applying
the technique in the DELPHI detector at
CERN’s Large Electron—Positron (LEP)
collider. During a sabbatical year at SLAC,
in collaboration with Sherwood Parker and
James Walker, he developed a VLSI chip for
microstrip read-out, allowing compact vertex
detectors to be built for collider experiments.
The proposal for the DELPHI device was
put forward, and part of the microvertex
detector collected data during the first LEP
run in August 1989. It was completed for the

next running period in 1990 and upgraded
successfully a number of times.

While continuing his research work,
Bernard was also leader of CERN’s
Experimental Physics Division from 1984
to 1987. Overall, he spent 32 years at CERN
before retiring in April 1990.1n 2002, he
received the title of Honorary Professor of
the Institute of Nuclear Physics at Cracow
for his role in bringing Cracow’s physicists
into modern experiments at CERN. The
laudatio forms an excellent tribute to
Bernard’s career in general, recognizing “his
outstanding achievements in experimental
particle physics, his role in introducing many
scientists to the mysteries of modern physics
and his great contribution to the development
of scientific collaboration between CERN
and national physics institutions”.

Discussing a physics project with Bernard
was always special. With his brilliant mind
he would quickly grasp the essential points,
making suggestions for improvements or
criticizing, if warranted, with his keen British
sense of humour. He was always attentive
to the feelings of others, and visibly enjoyed
CERN’s exciting research atmosphere and the
contact with younger colleagues. Because of
his wisdom and generosity, many requested
his advice, especially when difficult decisions
had to be taken. He was scrupulously fair
and never pushed himself to the forefront,
preferring to work hard in the shadows for the
good of the collaboration. It was a privilege to
know and work with him. His influence went
far beyond the boundaries of CERN, and all
of his colleagues, no matter where located,
remember him as a great friend who will be
sorely missed.

Bernard was very attached to his family,
from his wife Hanna to his granddaughter
Solongo. He died just one month after his
beloved wife, surrounded by his family.

Our warmest thoughts and sympathy go to
them and to the many others who have shared
an important part of their professional lives
with Bernard.
® His friends and colleagues.

Yanglai Cho 1932-2015

Yanglai Cho, a principal member of the small
dedicated team that brought the Advanced
Photon Source (APS) to Argonne National

42

Laboratory, passed away on 14 June. He was
82 years of age.
Cho received his BS in physics from

CERNCOURIER

VoLume 55 NumBER 7 SEeEPTEMBER 2015

Seoul National University in 1956, his
Master’s from Brigham Young University
in 1958 and his PhD from the Carnegie
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Institute of Technology in 1966. He was
also an instructor in the physics department
at Vassar College from 1960 to 1962. In
1967, he joined the Carnegie Institute of
Technology as a research physicist, and
began his long and distinguished career
at Argonne the same year, starting as a
research associate. His earliest roots at
Argonne were in high-energy physics,
studying K scattering on the Zero
Gradient Synchrotron (ZGS).

Developing an interest in accelerator
science in the early 1970s, Cho undertook
physics studies on the performance and
upgrade of the ZGS. He became director of
the accelerator group of the ZGS, and was
responsible for the commissioning of the
Intense Pulsed Neutron Source there —the
first slow neutron source based on a proton
synchrotron. His career at Argonne was
interrupted briefly in 1983-1985, when he
went on assignment to the University of
Wisconsin’s Synchrotron Research Center,
first as associate director for accelerator
technology then as acting director.

In 1983, a committee on major materials
facilities commissioned by the US
Department of Energy recommended the
construction of a synchrotron light source
operating in the 6 GeV range. Cho pointed out
to Kenneth Kliewer, at the time Argonne’s
associate laboratory director for physical

Yanglai Cho.(Image credit: ANL.)

research, that Argonne was a natural site

for the facility and that it should be pursued.
Kliewer agreed, and Cho became one of

the major drivers throughout the design,
construction, commissioning and successful
operation of what became the APS.

He served as project director in the
formative years of the APS, and then became
deputy associate laboratory director. He was
technical director of the Spallation Neutron
Source at Oak Ridge National Laboratory
from 1999 to 2001 during the facility’s early
development, where he made the successful
case for the first use of superconducting
technology in a high-power proton linac.

Upon retiring from Argonne, Cho chaired

the Technical Advisory Committee for the
Facility for Antiproton and Ion Research

in Darmstadt. He also chaired numerous
international conferences on accelerator
science and technology, and had a leading
role in facilitating the joint proposal between
two agencies in the Japanese government
that gave rise to the Japan Proton Accelerator
Research Complex. He was the author of
numerous peer-reviewed publications, and
was awarded the University of Chicago
Distinguished Performance Award by
Argonne in 1986.

Cho also helped to initiate several other
accelerator projects, particularly in Korea.
Both the Pohang Light Source at Pohang
University of Science and Technology and
the Korea Multi-purpose Accelerator Project
at the Korea Atomic Energy Research
Institute benefited greatly from his initial
design concepts and subsequent suggestions.
He left his mark in his homeland, where
all of his friends will forever miss his great
humanity.

Yanglai Cho had tremendous energy and
dedication, and a remarkable combination
of technical brilliance and practicality. He
leaves an important legacy.
® Based— with permission— on the obituary
published on the APS website: wwwi.
aps.anl.gov/APS-News/Yanglai-Cho-a-
Founder-of-the-APS-Dies-at-82.

New ProODUCTS

FLIR Systems has announced a new version
4.2 of its ResearchIR thermal-imaging
software. ResearchlR 4.2 provides researchers
with a powerful tool for viewing, acquiring,
analysing, and sharing thermal data captured
with FLIR’s scientific and R&D cameras.

For the first time, it gives users direct access
to MATLAB scripts within ResearchIR,
allowing users to access their customized
MatLab scripts directly for specially tailored
image-analysis and processing tasks. For
further information, tel +32 3665 5100, e-mail
flir@flir.com or visit www.flir.com.

Intersil Corporation has announced the

first 60 V synchronous buck controller able to
bypass the intermediate step-down conversion
stage traditionally employed in industrial
applications. The ISL8117 synchronous
step-down PWM controller’s low-duty cycle
(40ns minimum on time) enables the direct
step-down conversion from48Vtoa 1V
point-of-load. This technical achievement
makes it possible for designers to reduce system
complexity in infrastructure applications. For
more information, contact Mark Alden, tel +1
408 546 3402, e-mail malden@intersil.com or
visit www.intersil.com/products/isI8117.

Narda Safety Test Solutions has launched
anew FFT analyser for low-frequency
electromagnetic fields. The EHP-50F
measures and analyses electric- and
magnetic-field strengths in the frequency
range 1 Hz to 400kHz, and evaluates the
results in accordance with current human
safety standards. Narda has also expanded
the features of its Interference and Direction
Analyser, providing spectrograms with a
time resolution of as fine as 1 us. This means
that interference and hidden transmitters
with rapidly changing frequencies can

be analysed and then localized with
subsequent operating steps. For more
information, tel +49 7121/97 32 0, e-mail
info.narda-de@L-3com.com or visit www.
narda-sts.com.

The ORTEC Products Group of AMETEK
Advanced Measurement Technology has
announced the release of Profile “SP” Series
P-type high-purity germanium (HPGe)
detectors, providing premium resolution

at low to medium energies for a range of

demanding, radiation-detection applications.

The detectors employ a low-noise back
contact combined with a semi-planar crystal

@) (@) (m (8

geometry. The proprietary back contact of
the Profile “SP” improves energy resolution
at lower energies, while supporting the same
resolution at higher energies. SP detectors
also feature a stable, thin front-contact,
allowing warm storage, simplified detector
handling and lower associated storage costs.
For more information, tel +1 865 482 4411, or
visit www.ortec-online.com.

XP Power has announced the DDC15 and
DDC30 series of low-profile 15 W and

30 W DIN-rail format DC-DC converters.
The range is designed to offer additional
voltages in DIN rail-power systems, provide
isolated outputs and noise immunity or
support battery-powered or battery-backed
applications. The single output converters
accommodate a 4:1 input range from

9-36 VDC, suiting 12 or 24 VDC nominal
input. Both series are available with a choice
ofa5,9,12, 15 or 24 VDC nominal output.
The DDC15 model is available with a

3.3 VDC output. Input-to-output isolation is
1500 VDC. For further information, contact
Steve Head, tel +44 118 984 5515, e-mail
shead@xppower.com or visit www.xppower.
com.
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FOR ADVERTISING ENQUIRIES, CONTACT CERN CouriER RECRUITMENT/CLASSIFIED, IOP PusLisHing, TempLE Circus, TempLE Way, BristoL BS1 6HG, UK.
TeL +44 (0)117 930 1264 Fax +44 (0)117 930 1178 E-MAIL SALES@ CERNCOURIER.COM
PLEASE CONTACT US FOR INFORMATION ABOUT RATES, COLOUR OPTIONS, PUBLICATION DATES AND DEADLINES.

INTERNATIONAL SELECTION PROCESS FOR ELI BEAMLINES FACILITY IN THE CZECH REPUBLIC

SCIENCE AND
TECHNOLOGY MA

Technical skills:
Management skills:

Personal skills:

hr@eli-beams.eu

eli .

September 15, 2015

.
EUROPEAN UNION
EUROPEAN REGIONAL DEVELOPMENT FUND . OP Research and
INVESTING IN YOUR FUTURE —oris Development for Innovation

FCT PhD
PROGRAMMES

The MAP-fis Physics Doctoral Program, a joint initiative of
three major Portuguese Universities, Minho, Aveiro and
Porto, is announcing 8 first year PhD scholarships for the
2015-2016 edition. Recognized as program of excellence
by Portugal’s National Science Foundation (FCT), MAP-fis
joins three Physics Departments and 6 research centers.
Fellowships include a monthly stipend and tuition fees.

MAP-fis constitutes a unified effort to prepare highly
qualified human resources in Physics and an effort to
strengthen research in this area in these universities. It is
supported by an academic staff of about 130 faculty
members, and a total of 280 PhD researchers working in
6 Research Centers.

These centers have impressive state-of-the art computing
and laboratory facilities occupying 7000m?; In the 2008-13
period, they ran projects in the amount of 19 M€, of which
7.6 M€ from international sources.

MAP-fis welcomes collaborations with other
institutions and has already awarded several joint
PhD’s with foreign Universities. It covers all areas of
Physics, both fundamental and applied, in particular:

¢ Atomic and Molecular Physics;

* Condensed Matter, Materials and
Nanotechnology;

* Theoretical Physics (High energy, Gravitation and
Cosmology);

* Optics, Lasers and Photonics;
¢ Computational Physics;
* Meteorology and Oceanography.

For more information, and to apply, see the MAP-fis
site hitp://www.map.edu.pt/fis/.

Applications are opened until September 14, 2015.
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) Professor or Reader in Novel Methods of Particle Acceleration

The Cockeroft Institute
o i

Acoelaraer Science and Technobes

Lancaster Reference: A1339

University

The Cockeroft Institute, a unique collaboration between the Universities of
Lancaster, Liverpool, Manchester and Strathclyde, the Science and Technology
Facilities Council and industry brings together the best accelerator scientists,
engineers, educators and industrialists to conceive, design, construct and use
innovative instruments of discovery and to lead the UKs participation in flagship
international experiments. The Institute has been involved in the development of
the UKs first Free Electron Laser (FEL) on the ALICE accelerator test facility and
is contributing towards development of an ambitious FEL test facility (CLARA)

to advance worldwide FEL research. It has a strong collaboration with CERN

in the areas of LHC and its various upgrades, anti-matter research and future
developments in high energy accelerators, including the AWAKE experiment for
proton driven plasma wake field acceleration, and with the ESS at Lund. It is also
developing a stronger relationship with the University of Strathclyde and their laser
driven plasma acceleration facility, SCAPA. The Institute is housed in a dedicated
building adjacent to the Daresbury Laboratory, one of the two major national
accelerator laboratories in the UK.

As a founding member of the Cockroft Institute and with a very highly ranked
Physics Department, Lancaster University is seeking to appoint, depending

on experience and profile, a Professor (equivalent to Full Professor) or Reader
(equivalent to Associate Professor) in Novel Methods of Particle Acceleration

who will hold a significant leadership position in the Institute with major
responsibilty for developing its programme of research in novel acceleration
techniques. The successful applicant will be expected to advance experimental
research in novel methods of particle accleleration, including plasma wake field,
dielectrics, photonics and meta-materials based acceleration techniques, in close
collaboration with Institute members in the Physics & Engineering Departments,

Salary range: £61,471 - £78,411 (Professor); £48,743 - £54,841 (Reader)

other universities, and Daresbury and Rutherford Appleton Laboratories. The
appointee will also carry out undergraduate & postgraduate teaching duties,
including supervision of PhD students, in the Lancaster Physics Department and
at the Cockcroft Institute.

You must have a Ph.D. in accelerator physics, particle physics, plasma physics,
laser science, electrical engineering or a related discipline, with an outstanding
research and publications record in novel methods of particle acceleration, and a
high level appreciation of potential future international accelerator developments.

Informal enquiries about the Institute may be made to the Director,
Professor Peter Ratoff, peter.ratoff@cockcroft.ac.uk.

For information about the Lancaster Physics Department, please contact the
Head of Department, Professor Roger Jones, roger.jones@lancaster.ac.uk.

Apply online &/or find further information at
http://hr-jobs.lancs.ac.uk/Vacancy.aspx?ref=A1339
Closing Date: 30th Sep 2015. Interviews will be on 18th Nov 2015.

The Cockceroft Institute and the Lancaster University Department of Physics is
strongly committed to fostering diversity within its community as a source of

excellence, cultural enrichment, and social strength. We welcome those who
would contribute to the further diversification of our Institute and Department.

Information about some of the local amenities at the university and
surrounding areas can be found at
http://www.lancs.ac.uk/depts/physics/jobs/amenities/index.html

DESIGN AND BUILD INNOVATIVE ROBOTIC SYSTEMS
Nuclear Fusion, Nuclear Decommissioning and High Energy Physics projects
Up to £65k plus benefits, Abingdon, Oxford, UK

Oxford Technologies is a world leader in the development of remote handling and robotic systems

for prestige nuclear, nuclear fusion and high energy physics projects. _
We work throughout the full life cycle from specification, concept, design, manufacture, integration and oper
are currently looking for enthusiastic, capable and creative engineers at all levels to join our team in Abingo

Oxford in the following areas:-

- Real time Software

ould have a good quality degree in an

kin a challenging and fast moving

ology environment.

Oxford Technologies is an employee owned SME offering an

excellent employment package designed to reward and develop its staff.
If you are interested please send your CV to recruitment@oxfordtechnologies.co.uk.

CERNCOURIER

- Electrical, Electronic & Control Systems
=Mechanical / Electro-Mechanical Design

g or physics based discipline, be self-motivated ang
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Accelerators | Photon Science | Particle Physics

Deutsches Elektronen-Synchrotron
A Research Centre of the Helmholtz Association

PARTICLE
PHYSICS

DESY-Fellowships -
experimental particle physics

DESY
DESY is one of the world’s leading research centres for photon science,
particle and astroparticle physics as well as accelerator physics.

DESY develops, runs and uses accelerators and detectors for the
investigation of the structure of matter.

The position
Fellows in experimental particle physics are invited to participate in a project
of DESYs particle physics research programme.
e Analysis and detector-upgrade in the LHC experiments ATLAS and CMS
e Preparation of the International Linear Collider ILC
(accelerator and experiments)
e Cooperation in the Analysis Forum of the Helmholtz Alliance
"Physics at the Terascale”
e Participation in experiments like ALPS and BELLE II
e Generic development of detectors and accelerators for applications in
particle physics

Requirements
e Ph.D. completed within the last 4 years
e Experience in experimental particle physics

DESY-Fellowships are awarded for a duration of 2 years with the possibility of
prolongation by one additional year.

Please submit your application including a resume, a curriculum vitae
including a short summary of past research activities and of future rese-
arch interests, a list of publications and copies of University degrees to
the DESY human resources department (preferably via
http://lwww.desy.de/about_desy/career/online_application/index_eng.html,
but we also accept e-mail to recruitment@desy.de or normal mail).

Make sure that you indicate the position identifier on all communicati-
ons (EM100/2015).

It is your responsibility to arrange for three letters of reference to be
sent before the application deadline to the DESY human

resource department, clearly stating your name and the position identi-
fier (EM100/2015).

Salary and benefits are commensurate with those of public service organi-
sations in Germany. Classification is based upon qualifications and assigned
duties. DESY operates flexible work schemes. Handicapped persons will

be given preference to other equally qualified applicants. DESY is an equal
opportunity, affirmative action employer and encourages applications from
women. There is a bilingual kindergarten on the DESY site.

We are looking forward to your application quoting the reference code pre-
ferably via our electronic application System: Online-Application or by email
recruitment@desy.de

Deutsches Elektronen-Synchrotron DESY

Human Resources Department | Code: EM100/2015

Notkestrale 85 | 22607 Hamburg | Germany | Phone: +49 40 8998-3392
Deadline for applications: 30 September 2015

www.desy.de

The Helmholtz Association is Germany’s
largest scientific organisation.
www.helmholtz.de

ﬁ HELMHOLTZ
| ASS0CIATION
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Accelerators | Photon Science | Particle Physics

Deutsches Elektronen-Synchrotron
A Research Centre of the Helmholtz Association

PHOTO
INJECTOR

Scientist (f/m) accelerator physics
permanent position

DESY
DESY is one of the world’s leading research centres for photon science,
particle and astroparticle physics as well as accelerator physics.

The Photo Injector Test Facility PITZ in Zeuthen (near Berlin) develops high
brightness electron sources for Free Electron Lasers (FELs) like FLASH and
the European XFEL. As part of the accelerator R&D program of the Helmholtz
Association we additionally work on the ultimate optimization of high bright-
ness electron beams by generating 3D ellipsoidal electron bunches and on
beam driven plasma acceleration experiments.

The position

e Work in one of the leading groups developing and testing photo injectors
in a team of physicists and engineers of different nationalities

e Take responsibility in defining, performing and analysing the scientific
shift operation at PITZ

e Be in charge for simulation studies, diagnostics hardware and analysis
procedures

e Develop innovative concepts, techniques and applications for PITZ and
other accelerator facilities

Requirements

e Excellent university degree in physics or engineering, with PhD

e Deep knowledge in accelerator physics and experience in accelerator
techniques and beam dynamics

e Interest in and capability of guiding small teams of PhD students and
postdocs

e Good knowledge of English is required as well as the willingness to
learn German

For further information please contact Dr. Frank Stephan, frank.stephan@desy.de
or +49-33762-77338.

Salary and benefits are commensurate with those of public service organi-
sations in Germany. Classification is based upon qualifications and assigned
duties. DESY operates flexible work schemes. Handicapped persons will

be given preference to other equally qualified applicants. DESY is an equal
opportunity, affirmative action employer and encourages applications from
women.

We are looking forward to your application quoting the reference code pre-
ferably via our electronic application System: Online-Application or by email
recruitment@desy.de

Deutsches Elektronen-Synchrotron DESY

Human Resources Department | Code: EM122/2015

NotkestraRe 85 | 22607 Hamburg | Germany | Phone: +49 40 8998-3392
Deadline for applications: Screening of the applications will start mid of
October 2015 and continues until the position is filled.

www.desy.de

The Helmholtz Association is Germany’s
largest scientific organisation.
www.helmholtz.de
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. EMPLOYMENT OPPORTUNITIES AT THE CHERENKOV
TELESCOPE ARRAY PROJECT OFFICE, HEIDELBERG O O S e
CTA will be the world’s largest observatory for gamma-ray astroparticle physics.
European . . Over 1,000 scientists and engineers from 5 continents, 31 countries and over 170
XFE '(\:ns n_aglng Dlrefctt: r :nnd t Board (f/ research institutes participate in the preparation of the observatory.
airperson of the Management Board (f/m) The observatory will detect high-energy radiation with unprecedented accuracy
The European X-Ray Free-Electron Laser Facilty GmbH (European’ :gsrﬁgggﬁ';f i%;c%;en:i ttr,]]i Sni,”rf,;itﬁya‘;?s”gﬂi,?;;Qsh‘;?;“,;;,ﬁf},“e”;m an Particle Accelerators: From Big Bang B
XFEL GmbH) is a multi-national non-profit company. It will make available ) . ) . L . . Physics to Hadron Therapy . .
X-ray pulses of unique quality for studies in physics, chemistry, the life The project has recently entered detailed site hosting negotiations with ESO (Chile) By Uno Amaldi Pa ['“ [Ie A[CE' erators BI RDS A ND FR u GS
sciences, materials research and other disciplines. Located in the and La Palma (Spain) and completed the first stageyof acritical design review. S{)riﬁ ger . 5
Hamburg area, GerrT]any, it will comprise scientific instruments for a Imminent site pfePar‘altlonS and (?QNStrUCtlon of CTAs first telescopes Paperback: £19.99 €36.01 $34.99 FrO m B I B a n SELECTED PAPERS, 1990-2014
wide range of experimental techniques exploiting the short duration, has prompted a significant recruiting effort. E-book: £14.99 £29.74 $19.99 g g
the ultra-high brilliance and the spatial coherence of the X-ray pulses. The CTA Project Office in Heidelberg, Germany is responsible for coordinating the Also available at the CERN hooksho . Frearmian<d. Dyson
Construction of the European XFEL is underway, user operation starts project and intends to recruit up to 20 individuals in the following disciplines/roles: . P . PhYSI cs to ey
in 2017. . e i . i There was a time when books on particle
- Gf)ordmahon of on-site infrastructure d_e5|gn and implementation physics for the non-expert were a rarity; not d
The position Site Managers (to be located at array sites) . . .
; . quite as rare as Higgs bosons, but certainly : H a rO n Th e a py )
Managing Director and s:,SK Ma(r)l;ger/ll;_rgjfefz_ct Support asrare as heavy quarks. Then, rather as the = ~ ;
Chairperson of the Management Board (f/m) oject Office _icer “November revolution” of 1974 heralded A
Resource Coordination .
is due to be reoccupied in January 2017. Systems Engineers (Requirements/V&V/RAMS) in the new era of charm, beauty and top, so
Systems Engineers/Coordinators (General, Mechanical, the construction of the LHC became the
The Chairperson of the Management Board Electrical/Control Systems, Software/Array control) harbinger of a wealth of “popular” books
has the overall responsibility in all scientific, technical and organizational Maintenance and Operations Engineer on particle physics, and the quest to find the
matters, CAD Modeller/Design Engineer final piece of the Standard Model and what
inspires, leads and coordinates the work of the Management Board, Engineer/Coordinator for Production/Logistics/Assets lies beyond. These books can be excellent
;fgﬁig:::'ﬂg?emzrcvg: tz: 0;26,5.2/'“??2 ingi,D;ﬁgtror (tne Director of CTA welcomes speculative applications at various levels of experience (as well as in what they set out to do, but few venture
acts as the primary conta’f:t ;{ the Comgar?y for the shareholders, the some paid internships), in these or related areas. Contracts would initially be for where Ugo Amaldi goes —to look at the basic
international scientific community and the public, two years with the strong possibility of renewal. tOOIS. that have.: made‘ this whole adventure
reports to the Council (assembly of shareholders), More information: www.cta-observatory.org. possible, and in particular, the accelerators
promotes internally the further development of leadership culture, and their builders. Without the cyclotron and W vora scenutc
diversity and equal opportunity policy, cta Send a CV and cover letter to Tiziana Abegg at its descendants, there would be no Standard
cooperates trustfully with the Works Council. tabegg@Isw.uni-heidelberg.de with an indication of Model, no CERN, no LHC. Nor ?vould tﬁere . . o . )
With the transition from construction to the operation phase, the main *™  your area of interest and expertise. be t'he appllca?lo_ns, particularly in medicine, partlculgr, 1 b_eh.eve,.for young pc?ople‘ for exarpple, Fhe origins of life, resistance
objectives will comprise whlch Amaldi himself has done so much to Books 1.1ke this %nsplred my stufile_s, z_ind I to new 1d§as in physics,and th(? nature of
. . . bring about. would like to think that Amaldi will inspire ~ computation in the human brain.
positioning European XFEL as a world-leading photon science user . . . . . . . .
facility, As the son of Edoardo Amaldi, one of _ otherg Wlth his passion for physics. Despltc? his glalm to bea frog, much_ of
provision of an excellent user service, as well as a reliable and friction- CERN’s “founding fathers”, Ugo Amaldi ® Christine Sutton, CERN. the book is written with a bird’s-eye view.
less user operation, must have the history of particle physics in Dyson is perhaps uniquely placed among
attraction of funds and developing opportunities for the facility, GUANTIM his bones, and he writes with feeling about Birds and Frogs: Selected Papers, living scientists in having been privy to
implementation of an in-house research program, ® TECHNOLOGIES the development of particle accelerators, 1990-2014 much that went on in the early days of
continuous technological advancement of the facility, the instruments introducing each chapter with personal By Freeman J Dyson quantum field theory, and to have met and
and the machinery in dialogue with the scientific user community, touches — photos of roads at CERN named World Scientific be able to write about personal experiences
optimization of organizational structures and processes. after important protagonists, anecdotes Hardback: £38 with many of our modern-day heroes. In the
Candidates should have a record of distinguished performance and of his personal experience, quotes from Paperback: £18 “Memoirs” section, and elsewhere, he offers
leadership in scientific research, as well as a documented experience people he admires. There is a passion here Birds and Frogs is a wonderful collection insights not only into their work, but also
in the successful management of scientific facilities or large projects, that makes the book interesting even for of essays and papers by Freeman Dyson their lives and beliefs.
departments or laboratories. The working language of European XFEL is those who already know the basic story. from 1990 to 2014, and a sequel to a volume “Politics and History” ranges from
English, hence fluency in spoken and written English is a must. German Indeed, while particle physicists may notbe  of earlier papers. It consists of a short science and religion to ethics, and
knowledge is considered an asset. the main audience the author had in mind, introductory section followed by four more:  education from the points of view of
For this highly challenging management position we offer an attractive they can still learn from many chapters, “Talks about Science”, “Memoirs”, “Politics ~ Tolstoy and Napoleon. His recollections
remuneration package including a performance-based pay component. “speed-reading” the parts they are familiar and History” and “Technical Papers”. and observations about the Second World
In addition European XFEL provides a non-contributory company with, then dwelling on some of the historical The book takes its title from one of the War are as unique as they are fascinating.
pension scheme as well as broad relocation benefits. The European gems — such as the rather sad story of “Talks about Science”, in which Dyson Ultimately, he shares spectacular and
XFEL GmbH intends to achieve a widely international staff. The initial the co-inventor of strong focusing, Nick classifies mathematicians — and, I would optimistic visions for our future as a species
duration of the contract is five years. Extension is possible. Christofilos, about whom I had previously add, physicists —as either “birds” or “frogs”.  that can spread life throughout the universe.
Handicapped persons will be given preference to other equally qualified known little beyond his being Greek and a He writes: “Birds fly high in the air and It is the section on “Technical Papers” that
applicants. The European XFEL GmbH is an equal opportunity and affir- lift engineer. survey broad vistas of mathematics out to shows Dyson the frog. Here, number theory,
mative action employer and encourages applications from women. For the non-expert, the book has much the far horizon. They delight in concepts bounds on variation of the fine structure
If you are interested in this position, please apply online via http:// e onical N j i esign fabric;ﬁo to absorb, th_e Fe_sult of co_ntaining quitea that unify our thinking apd bring together constant, detectability of gravitons and
www.xfel.eu/careers/open_positions/scientific_staff/s_114/ study¥3D printing of ABet ger SratiorrSEheor Phine. ibhadial imagiP GRS thorough mini-introduction to the Standard  diverse problems from different parts of game theory all appear. ) _
(ref. S-114) and provide a motivation letter and a CV in English, as Model and beyond — the author’s inner the landscape. Frogs live in the mud below Whether you’re a frog or a bird or neither —
well as a list of publications and your references in one pdf-file. For « Excellent opportunities for multidisciplinary collaboration, including with particle physicist could clearly not resist. and see only the flowers that grow nearby. Dyson has a penchant for classitying things
further enquiries regarding the position, please contact our consultant experts in engineering and biomedical i and with our 5 university and Yet it is worth persevering and reachingthe ~ They delight in the details of particular into a small number of categories, often just
via xfel-info@egonzehnder.com. 65 Telsty partners chapters on “accelerators that care”, to use objects, and they solve problems one at two — you are certain to find much to delight
Deadline for application: 15 September 2015 + Information about how to apply for these studentships is available at Amaldi’s phrase, to discover the medical atime.  happen to be a frog, but many of you in this eclectic and yet somehow unified
http://www.nottingham.ac.uk/physics/studywithus/postgraduate/howtoa applications of the 21st century. my best friends are birds.” This section collection.
ly.aspx: Please refer to the Quantum Technology Hub in your application. So, this is a book for everyone, and in contains a wealth of fascinating thoughts on, @ John Swain, Northeastern University.
European XFEL GmbH www.xfel.eu
Albert-Einstein-Ring 19, 22761 Hamburg, Germany For further enquiries, please contact Romina.Davoudi@nottingham.ac.uk .
Mailing address: Notkestr. 85, 22607 Hamburg, Germany 49
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Cosmic Ray Origin: Beyond the Standard
Models

By Omar Tibollaet al. (eds)

Elsevier

Nuclear Physics B (Proc. Suppl.) 256—257 (2014)
Where do cosmic rays, discovered more than
acentury ago,come from? The standard
model of their origin points to natural

=== 1 he46th Session of the
International Seminars on
Nuclear War and Planetary
Emergencies, held in Erice,
Sicily, gathered again, in 2013,
e moT€ than 100 scientists from
43 countries. This is the latest output from
an interdisciplinary effort that has been
going on for the past 32 years, to examine

matter. In generating nuclear radiations
and using them for beneficial purposes,
scientists and engineers must understand
the properties of the radiations and how
they interact with their surroundings.
Hence, radiation interaction is the essence
of this book.

High Gradient Accelerating Structure

Imaging in radiation environments just got easier with our MegaRAD line of

particle accelerators in the form of shock and analyse planetary problems that are By W Gai (ed.)

waves in supernova remnants, but there is followed up, throughout the year, by the World Scientific T . . e . . [T
mounting experimental evidence that there World Federation of Scientists’ Permanent Hardback: £65 radiation hardened cameras. With superior CapablhtleS for Operatlﬂg in radiation
are other sources. This conference brought Monitoring Panels. E-book: £49

together a range of experts to examine
the evidence and to consider some of the
key questions. What other sources might
there be in the Galaxy? What causes the
knee? Where (in energy) is the transition
to an extragalactic component? What
extragalactic sources are conceivable?

International Seminars on Nuclear War and
Planetary Emergencies 46th Session: The
Role of Science in the Third Millennium

By A Zichichi and R Ragani (eds)

Nuclear Radiation Interactions
By Sidney Yip
World Scientific
Hardback: £49
I @ Based on a first-year
graduate-level course that
the author taught in the
Department of Nuclear
Science and Engineering
at MIT, this book differs
from traditional nuclear-physics texts

This proceedings volume, for
the symposium in honour of
Juwen Wang’s 70th anniversary,
is dedicated to his many
important achievements in the
field of accelerator physics.
‘Wang has been a key member of SLAC

for many years, working on accelerating
structures for linear colliders, up to and
including the CLIC project at CERN, as
well as the Linac Coherent Light Source at
SLAC. The book includes discussions of

X

environments, they provide excellent image quality well beyond dose limitations
of conventional cameras. MegaRAD cameras provide excellent signal-to-noise
and sensitivity with wide spectral response, making the MegaRAD series of
cameras well suited for radiation hardened imaging applications

World Scientific for a nuclear-engineering curriculum by recent advances and challenging problems
Hardback: £98 emphasizing the understanding of nuclear by experts in the field of high-gradient
E-book: £74 radiations and their interactions with accelerating structures.
MegaRAD3 cameras produce color
or monochrome video up to
3 x 10°rads total dose
Progress of Theoretical
and Experimental Physics
=) = . . . . \ g —— | R | ’
Progress of Theoretical and Experimental Physics (PTEP) is a fully open access £ T e 9
online journal. I & S MegaRAD1 cameras produce
Progre 0 X . . . JE : N monochrome video up to
= 2 4 Formerly entitled Progress of Theoretical Physics, the journal has now 3 -1 1 x 10°rads total dose
e 5 . received its 2014 Impact Factor: 1) . . -
* Impact Factor 2.485* 7 - 1
* Ranked 16 out of 78 journals in Physics, Multidisciplinary - 9 5 1
i ! )=t =T - == - 15
Read our top cited articles FREE online 3 - 1+ | @t
PTEP (PTP) has published many significant articles in theoretical and experimental - = R < b L t h
physics, including several papers that have led to the Nobel Prize. > =\ —= . b ¥
Read the top cited articles from 2013 and 2014 free online at: AN b > |
http://www.oxfordjournals.org/page/6549/1 . = - : KioRAD PTZ radiation resistant
K, ¥ £ camera with integrated
. e Pan/TiltZoom
*2015 Journal Citation Reports® Science Edition (Thomson Reuters, 2015) \_ ¢ ‘
L g
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Read out your
transient
signals at a
glance...
for free!”

Up to 12 traces simultaneously
recorded and displayed!

CAENSCOPE OIS
Digitizer Oscilloscope Tool &=

¢ CAEN Waveform Digitizer parameters setup

¢ User-friendly single frame GUI with intuitive controls

¢ High configuration flexibility (channel, trigger, etc.)

¢ Import/export of recorded waves and software settings Operabe o Windows and Linux

www.caen.it

Small details. .. Great differences : ;
(*) CAENSCOPE software is free downlodable from caen website.
Digitizer products are sold separately.
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In the steps of the
antiproton

Massimo Tarenghi:
a lifetime in the stars
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