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Four fundamental forces?

P
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Weak force in ’ Gravitational force

Strong force Electromagnetic 0 s
binds the nucleus force binds atoms radioactive decay binds the solar system

Or just one 'superforce’?

Eleciromagnetic Force

Eleciroweak Force

(— 'Grand Unification’ Energy?

Weak Nuclear Force

Electroweak
Unification Energy

Strong Nuclear Force

~

Gravitational Force

Higher Energy / Higher Temperature / Further Back in the Time =
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Dimensions

3 space and 1 time?

Time 9:00 a.m.
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z
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Components of Matter

0 electron

<10"%cm
proton
(neutron)
quark
<107"%cm

nucleus
~10""2cm

~10""cm

Our current best understanding of matter components:

M. Trzebinski

LEPTONS

Standard Model of Elementary Particles

three generations of matter three generations of antimatter interactions /force carriers
(elementary fermions) (elementary antifermions) (elementary bosons)
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The big barng

10 to 15 billion years

1038 10-5 second 300,000 years
Modem galaxies appear

socond Formmation First atoms form

Probable | of protons
ara al and neutrons

inflatian Tram quarks

10-+2 sacond 1071 sacond 3 minutes 100 millien years
Qeantum Strong, weak,  Synthesis of hydrogen First stars, galaxies,
gravity era alectromagnetic.and helium nuclei and guasars appear
and gravitational
forces appaar

Quark-gluon plasma.
Matter-antimatter asymmetry riddle.
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The big barng

1028 10-5 sacond 300,000 years 10 to 15 billion years
sacond Farmaticn Firsi atoms form Modem galaxies appear
Probable | of protons
ara al and neutrons
inflatian Tram quarks
10-+2 sacond 1071 sacond 3 minutes 100 millien years
Qeantum Strong, weak,  Synthesis of hydrogen First stars, galaxies,
gravity era alectromagnetic.and helium nuclei and guasars appear
and gravitational
forces appaar

Quark-gluon plasma.
Matter-antimatter asymmetry riddle.
Open questions: inflation? origin and cause of Big Bang? era before Big Bang?
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nts of Universe

Galaxies rotation — dark matter?

Expansion of Universe — dark energy?

What The Universe Is Made Of

DARK MATTER . /
21%

DARK ENERGY
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Higgs Mechanism

Analogy: the Higgs field — a room full of people

interaction with Higgs field — massive particle — cannot travel with the speed
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Higgs Mechanism

Analogy: the Higgs field — a room full of people

self interaction (fluctuation) of the Higgs field — the Higgs boson
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Fundamental problems:
o When?
o Why?
o How?
o Components?
e Principles?

High Energy Physics addresses these questions by studying
the behaviour of the Nature at the smallest possible distances,
where its elementary ingredients interact.

o Structure of matter?

o Mass hierarchy?

o Particle interactions?



"Tools" in Our Workshop
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ools’ in Our Workshop

Source of data:
@ cosmic rays,
@ particle accelerators and decelerators,

@ neutrino beams.

Particle detection:

particle identification,
track reconstruction,
measurement of kinematics: momentum and energy,

Time-of-Flight,

Other important ’'side’ systems:
o trigger,
@ slow control,
@ data acquisition,
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We 'use’' the most know equation in the world!

E =mc?

how we describe the interaction

proton

interaction

proton
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How one can produce all these new particles?
We 'use’' the most know equation in the world!

E = mc?
how we describe the interaction how we see the interaction

proton particles
=
o proton
= proton
5 3>
L interaction
o

roton .
P particles

We cannot directly see what happened in the interaction point
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Particle Production at the Interaction Point

How one can produce all these new particles?
We 'use’' the most know equation in the world!

E = mc?
how we describe the interaction how we see the interaction

proton particles
=
o proton
= proton
5 3>
L interaction
o

roton .
P particles

We cannot directly see what happened in the interaction point
BUT

by studying behaviour and properties of products we can make conclusions.
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Intermezzo

do not take this part (too) seriously :)
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. the rest were useless ...
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This is quite bad ...

Schmidt did a 'dirty work’ and
Kowalsky explained results to me.
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End of Intermezzo

lets focus again :)
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Exemplary Task for a PhD Student: Repeat H — pp Search

Fairly easy recipe:
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Fairly easy recipe:

1) From all collisions detected in ATLAS choose only ones containing four
muons.

2) By using tracker, check if these muons point to the same point (vertex).
3) Measure momentum and energy of muons.

4) Use conservations laws — energy and momentum of products must sum up
to energy and momentum of initial particle.
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muons.

2) By using tracker, check if these muons point to the same point (vertex).
3) Measure momentum and energy of muons.

4) Use conservations laws — energy and momentum of products must sum up
to energy and momentum of initial particle.

2

2 = energy® - momentum?.

5) Compute mass of initial particle: mass
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muons.

2) By using tracker, check if these muons point to the same point (vertex).
3) Measure momentum and energy of muons.

4) Use conservations laws — energy and momentum of products must sum up
to energy and momentum of initial particle.

2 2

5) Compute mass of initial particle: mass®> = energy® - momentum?.

6) Plot mass spectrum.
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xemplary Task for a PhD Student: Repeat H — uu Search

Fairly easy recipe:

1) From all collisions detected in ATLAS choose only ones containing four
muons.

2) By using tracker, check if these muons point to the same point (vertex).
3) Measure momentum and energy of muons.

4) Use conservations laws — energy and momentum of products must sum up
to energy and momentum of initial particle.

2 2

5) Compute mass of initial particle: mass®> = energy® - momentum?.

6) Plot mass spectrum.

Sounds like a two week task!
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Exemplary Task for a PhD Student: Repeat H — pp Search

Very soon you will find out that you have to understand:
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plary Task for a PhD Student: Repeat H — pu Search

Very soon you will find out that you have to understand:

usage of analysis software and data format,

efficiency and features of trigger,

efficiency, fake rate and features of tracking and vertex finding algorithms,

impact of detector acceptance,

features of muon reconstruction: resolution, efficiency, etc.,

impact of experimental conditions (e.g. pile-up,)
— properties of background,

— ideas and features of selection criteria,

and much more!

Now it is more like two years!
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Finally — The Dreamed Result
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Straight Way to Make a Discovery?
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Straight Way to Make a Discovery?

The world little knows how many of the thoughts and theories which have
passed through the mind of a scientific investigator, have been crushed in
silence and secrecy by his own severe criticism and adverse examination!

Michael Faraday

M. Trzebinski The PhD Guide to the Experiments in HEP 21/28



Straight Way to Make a Discovery?

The world little knows how many of the thoughts and theories which have
passed through the mind of a scientific investigator, have been crushed in
silence and secrecy by his own severe criticism and adverse examination!

Michael Faraday
When | look back to the time (...) to the long and ever tortuous path
which led, finally, to its [quantum theory — M.T.] disclosure, the whole

development seems to me to provide a fresh illustration of the long-since
proved saying of Goethes that man errs as long as he strives.

Max Planck
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Straight Way to Make a Discovery?

The world little knows how many of the thoughts and theories which have
passed through the mind of a scientific investigator, have been crushed in
silence and secrecy by his own severe criticism and adverse examination!

Michael Faraday

When | look back to the time (...) to the long and ever tortuous path
which led, finally, to its [quantum theory — M.T.] disclosure, the whole
development seems to me to provide a fresh illustration of the long-since
proved saying of Goethes that man errs as long as he strives.

Max Planck

Anyone who has never made a mistake has never tried anything new.

Albert Einstein

I have steadily endeavoured to keep my mind free so as to give up any
hypothesis, however much beloved (and | cannot resist forming one on every
subject) as soon as facts are shown to be opposed to it... | cannot remember a
single first formed hypothesis which had not after a time to be given up or be
greatly modified.

Charles Darwin
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aight Way to Make a Discovery?

In 1891 | have been able to solve a few problems in mathematics and
physics including some that the great mathematicians had puzzled over in vain
from Euler onwards... But any pride | might have felt in my conclusions was
perceptibly lessened by the fact | knew that the solution of these problems had
almost always come to me as a gradual generalisation of favourable examples,
by a series of fortunate conjectures, after many errors.

I 'am fain to compare myself with a wanderer on the mountains who, not
knowing the path, climbs slowly and painfully upwards and often has to retrace
his steps because he can go no further — then, whether by taking thought or
from luck, discovers a new track that leads him on a little till at length when he
reaches the summit he finds to his shame that there is a royal road, by which he
might have ascended, had he only had the wits to find the right approach to it.

In my works, | naturally said nothing about my mistake to the reader, but
only described the made track by which he may now reach the same heights
without difficulty.

Hermann Helmholtz
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4= Success
1' Failure =»

K
(S

What successful people know

What most people think
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Big Goal: Broaden Our Knowledge!

Everything humanity
knows

Things you learn in
primary school
Things you learn in
high school

Things you learn at
university (BSc & MSc)

Things you learn at
university (PhD)
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Big Goal: Broaden Our Knowledge!

Everything humanity
knows

Things you learn in
primary school

Things you learn in
high school

Things you learn at
university (BSc & MSc)

Things you learn at
university (PhD)

Your research!
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Summary

We learnt a lot over last centuries / decades / year!

However, it seems that the more we learn the more questions
appear!

A lot to discover — long lasting questions like:

— what are the most basics laws of nature?

— what is the origin and destiny of Universe?

— what are the most elementary elements of matter?

One way of finding answers: studying the behaviour of the Nature
at the smallest possible distances, where its elementary ingredients
interact.

Tools: particle accelerators and detectors.

It seems that very interesting times are coming!
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Wishes

Do not be dejected by the complexity of your work!

Genius is 1% talent and 99% percent hard work.
Albert Einstein

Do not be afraid of mistakes!

The most important of my discoveries have been suggested to me by my failures.
Humpry Davy

Ask questions! Search for the answers!

Can you formulate a question?
Kacper Zalewski

Use opportunity of being at conferences to chat with your (older) colleagues during
coffee breaks, lunches, dinners, ...
M.T.

Enjoy what you are doing!
Science is fun. Science is curiosity. We all have natural curiosity. Science is a process

of investigating. It's posing questions and coming up with a method. It's delving in.
Sally Ride
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