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Searching for new physics
ar fthe energy fronfier

Prof. Luis R. Flores-Castillo

The Large Hadron Collider (LHC), hosted by the European Organization for Nuclear
Research (CERN) is one of the largest scientific instruments ever built; it is a particle
accelerator buried a hundred meters below the French-Swiss border, with a circumference
of 27 kilometers. Fig. 1 depicts its location (white circles); to give a sense of scale, notice the
Geneva airport in the middle right of the picture. The goal of LHC is to produce high-energy
collisions between protons. To do this, two large groups of protons are extracted from
Hydrogen atoms, accelerated until they reach almost the speed of light, and steered against
each other.
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Fig. 1: Aerial view of the CERN site, depicting the location of the LHC. (Image source: CERN)

Why is this done? As you may know, when the speed of an object increases, its mass
increases too. This effect, negligible for daily-life speeds, becomes very significant for
objects moving close to the speed of light. At the LHC, the mass of the protons increases by
a factor of thousands. As a result, there is enough energy available in each proton-proton
collision to produce hundreds of particles, some of them dozens of times heavier than each
original proton. Any particle in the Universe’s “catalogue” can be produced, regardless of
whether or not we knew it existed, as long as the energy of the colliding particles is enough
to provide its mass. This is the reason to build and operate particle colliders.

There are four collision points at LHC, with large particle detectors built around each. Fig.
2 shows the cavern where the ATLAS detector is now installed; the researcher in the bottom
of the picture helps understand the scale. Each collision produces hundreds of particles, but
only a few of them may signal a new particle. Fig. 3, for example, shows one collision where
four muons (red lines) may be coming from a Higgs particle.
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In July 2012, after analyzing collision
data stored during two years, the ATLAS
and CMS collaborations announced the
discovery of the Higgs particle. The
discovery  received large media j
coverage, and prompted the awarding of | e
the 2013 Nobel Prize in Physics to
Professors Peter Higgs and Francois
Englert.

The LHC has been off for almost two
years now. During this period, it has | _ . , _ -
been prepared to run at a much higher fig 2: The ATLAS cavern before most particle detectors were
energy; how much higher? The Higgs installed. (Image source: ATLAS Collaboration)
particle was discovered in collisions

where the mass of each proton was, due to its speed, close to four thousand times its rest
mass. This year, the LHC will increase that factor to seven thousand. At such a large energy,
we will be able to create an unprecedented number of Higgs bosons, measure its properties
in detail, and search for new particles that were impossible to produce in any former collider
experiment.

Since June 2014, the Joint Consortium for Fundamental Physics in Hong Kong, formed by
the University of Hong Kong, the Hong Kong University of Science and Technology, and the
Chinese University of Hong Kong,
is a member of the ATLAS
Collaboration. Research teams in
these institutions are getting
ready to have a strong
participation in the new LHC run
on several fronts, including the
software used to identify
final-state particles, the electronic
systems used to detect them, the
preparation of new computing
facilities, and the statistical analysis
of the data to be recorded starting in
mid 2015.
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Fig. 3: A four-lepton event recorded with the ATLAS detector.
(Image source: ATLAS Collaboration)

University of Pittsburgh and in the ATLAS Collaboration at CERN prior to
joining us.
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o Lun Wong (Hong Kong Observatory)

ANMENENN
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My project goal is to enhance the existing lightning nowcasting techniques
with an aim to incorporate growth and decay of lightning activities in thunder-
storm cells. It grants me a chance to understand thunderstorm and lightning
formation and also allows me to be involved in true climate research works.

i
Lun Wong

Wai-Po Tse (Hong Kong Observatory)

After entering the HKO, I learned more about computational physics and |
learned many different kinds of programming languages. The most important |
thing for me is to get a training in mermmﬂ my problem-solving skills.

L Wai-Po Tse (left)

T ' Yiu-Man Ip (OPUS)
It was an eye opening experience to participate in seismic research. I learned a
lot about the work of frontier seismologist which gave me a better preparation
for graduate studies in related field.

Yiu-Man Ip

Chun-Cheong Lam (OPUS)
We had spent a lot of time exchanging ideas and it was indeed an
unforgettable and rewarding experience. After this eight-month intensive ¢
training, | felt much more prepared to devote my life to scientific
researches!

Chun-Cheong Lam

Pak-Hong Leung (OPUS)
I accomplished two separate laser-related tasks on my own. OPUS opened
my mind to the endless possibilities in the increasingly globalized
academia, and solidified my determination to become a dedicated
researcher.

Pak-Hong Leung

Ka-Kam Lam

had a cha.nﬁf: to work with and learn from enthusiastic and talented
reaearcherg/fumL wrence Berkeley National Laboratory. Apart from

academnicg/ ook 4 flight n, visited aviation museums and watched air
fftan ayiation culture.
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