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ril\/mhy study physics?!
A Problem:




A Solution ?




Not quite...
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Oops!... Now what?




Ok, let's check this...




Message:
Physics has a crucial role on

It seems to have worked well...

day-to-day activities!
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(the Higgs field exists EVERYwhere!
if we would see the Higgs field, this would be an image of our Universe)
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THIS? We don’t know!

We know nothing!

We really don’t know anything!

(DARK ENERGY)

DARK MATTER
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Atom ‘photograp

1A =100,000fm =10°m = 10-8cm
|

AFM = Atomic Force Microscope

atom~10%cm

electron
<10'%cm

proton
(neutron)

nucleus
~10""%cm

Point 1
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And What'ébouf'tbei_r Jh’t;'e[_a_c'tion;s’?[ . -

~ The strengths of the interactions (forces) are shown relative to the Sor gnetic force for two u quarks separated by the specified distances.
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« _ Particles of zero mass: range infinite

« Very short range: very massive particle!
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CMS Experiment at the LHC, CERN
Data recorded: 2012-May-13 20:08:14.621490 GMT
Run/Event: 194108 / 564224000

The djscovery: H > vy

(possible decayjof the Higgs into 2 photons)




The Higgs field and the Higgs boson
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Discovery of the Higgs boson... =i
...recognized with the Nobel Prize 2013: - "

Francois Englert,

Peter Higgs, belgium, =
engllsh, born 1932, &
born in U. Libre
192_9, de Bruxelles
Univ. of

Edinburgh

“for the theoretical discovery of a mechanism that contributes to
our understanding of the origin of mass of subatomic particles, and
which recently was confirmed through the discovery of the
predicted fundamental particle, by the ATLAS and CMS
experiments at CERN's Large Hadron Collider"
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It’s a collaborative
effort!

BusinessWeek

VIEWPOINT May 20, 2009, 11:57AM EST

CERN's Collaborative Management Model

Business leaders could learn valuable leadership lessons from the collaborative
management style at the Large Hadron Collider at CERN

By Krisztina Holly

As a business |eader, imagine trying to manage more than 7,000 scientists from 85
countries around the world—with their own languages, cultures, and experiise—on a 20-
year collaboration to create the most complex system ever built.
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= and.in very large experiments and interfationai collaborations:



Back to the beginning of the Universe...
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The Dark Matter evidence

v {km/s)

. SPEED

100 -

expected
from
==~ _ luminous disk

10 R (kpc)

T " DISTANCE to the centre
coo - .+ . MB33rotation curve

©A De Angelis

Largest fraction of matter does not shine! What can it be?!
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Dark matter even in our galaxy!

e
M100 ~ Milky Way. . ©COBE  Milky Way
A : R S & 2 : 3 = o w 5 o g.~. e o

©Anglo-Australian Obser'va‘ror‘y

= Spread in the galaxy, not aggregated (not black holes)

» No form of matter known!
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The problem of the expansion of the Universe

Scientists studied distant supernova to measure the evolution of the expansion rate of
the Universe (and won the Nobel Prize 2011).

They wanted to know if the rate decreased slowly or quickly (to a big crunch).
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Oops...it is NOT diminishing!

T
 The expansion of E ¢
the Universe Is IS
accelerating!!! =
G
' i ' Qu L mop
° Someth|ng IS :,8 Macau, Chian'i}

overcoming gravity

» Scientists call it ‘Dark Energy’
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What is the Universe made of ?

U n I"e rse : QUE UNIVERSO? :
Known Matter : :
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Dark Matter (Stamp from Macau)
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How do we find new particles?

Invariant mass of particle pairs

= Particle “X” that decay into two particles
= Events with two particles of defined properties are chosen,
and the quantity m(X) is computed from the energy-momentum

of the chosen particles

o _ 0
— @.‘@.0 € [y = myc= EZ = mic* + c?p3
/m)zf = (Ex — c*pg)/c? Ex?px?

Ex = E; + E, ,px from p; + p,

my = 2E,E,(1 — £(6))/c*
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The tool for today:

Mass spectrum(*) of muon pairs (“di-muons”)
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= Events with two oppositely charged muons
= Search for X particles that decay into two muons

...and build a distribution of mass values m(X)
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Results from the search for X — yy:

Invariant mass distribution of 2 photons, m(yy)

Results from CMS Collaboration
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In the invariant mass
distribution for yy, there is an
excess of events incompatible
with background for masses
~125 GeV/c?.

The observation of this new
state into 2 photons implies that
the new particle is a boson,
and that cannot be a particle
with “spin 1”.

There is no other

fundamental particle with

these properties! 32/48 32/35



2012: Discovery of the Higgs boson also in ATLAS: X - YV
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Results from X = ZZ* - I 171515 (41) : = g

Events / 5 GeV

Data - Background

Invariant mass distribution for 4 leptons, M (4l)
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(two electron[—positron] pairs, or
two muon[-antimuon] pairs, or a
pair of electrons and a pair of
muons).

X = the Higgs boson
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Thank you for your patience

Albert Einstein [P.N.1921]: (With knowledge...)
"“We can look to the Universe as if there were no miracles.
But we can also look to the Universe as if everything is a miracle!”
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