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"How: to reach the beginning? - .-

Hub’ble Space Telescope o s 4
Deep Field Tmage: = ‘- o




Knowladge boundary:
microwave background

Dark Energy
Accelerated Expansion
Afterglow Light

Pattern Dark Ages Development of
380,000 yrs. Galaxies, Planets, etc.
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WMAP / Planck - 380 000 years after the Big Bang



Universe

I

Quarks .
Gluons Nucleons Nuclei Atoms Today
Big
Bang
10 6s 10 4 s 3 min
13*10° years
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Structure of matter

® Problem: no free quark has been observed, we cannot
Isolate It

® Question: Do we really need to isolate single quarks?
Perhaps we can free them all' Is that possible?
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Example




How to study fish behaviour?

It is better to dlve yourself ]

What do we B a
see?




How to free the quarks?

: Quark matter:
Hadronic
quarks are free
matter:
and can move
quarks
confined in
hadrons
(protons,
neutrons)

squeeze
100 000 000 tons/cm?

warm up: 1 000 000 000 000 °C






Whatis CERN?

CERN — EUropeslr] OUrl
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CERNNAS esta
podaje do powszechnej wiadomosci:

W dniu 1 lipca 1953 roku zostala sporzgdzona w Paryiu a
 nastgpnie pop

rawiona Konwencja o utworzeniu Europejskiej

‘ &?mz mﬂ?{owych oraz Protokoél Finansowy
Poland jeined CERN PR i i e
In 1991 r.

zostaly one uznane za sluszne zaréwno w calosci jak
i kaide z postanowien w nich zawartych,

i - Rzeczpospolita Polska postanowila przystapi¢ do powyiszej
(Lech Watesa decision)

Konwencji i Protokolu Finansowego,

- Bgdq one niezmiennie zachowywane.

Na dowdd czego wydany zostal Akt niniejszy opatrzony
pieczecig Rzeczypospolitej Polskiej.

Dano w Warszawie, dnia 13 maja 1991 roku

PREZYDENT
RZECZYPOSPOLITEJ POLSKIEJ

Lech Walgsa
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CERN "
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Uniting people from different countries and
cultures

(AR A



fll, ”lllﬁr]' Czeer) Peouslie, Denmerg, Flalanel, Frempes,
Cerglzin)) rluglefeiry, Isreigl, liely, Naigglziniels, Nayey, 2ol
r<omcmjg SEIIENS|OVESAINFSWEGERIFSWItZEY e S ERIEC
sdiglejelagg)

Asisgdfeliclel gsinber s -

Croatia; lndia;l ]‘;fﬁ%rnarl ,—J' qstan;, Turke

Siates in the crze—._;g to) members |0

Cyprus, Slove.n

(GIISETVEN SRS
Japan, Russia, USA,

European Union, UNESCO, and Jomt Institute for
Nuclear Research (JINR, Dubna, Russia)

J
ni H l
Rl

o 0 B 7



CERN = global sciedndle

Distribution of All CERN Users by Location of Institute on 13 January 2015

Austria
Belgium
Bulgaria
Czech Republic
Denmark
Finland
France
Germany
Greece
Hungary
Israel

Italy
Netherlands
Norway
Poland
Portugal
Slovakia
Spain
Sweden
Switzerland
United Kingdom

7005 | OTHERS China

Colombia
Costa Rica

Iceland
Indonesia
Iran

Montenegro Taiwan
Morocco 3 Thailand
Nepal TFYROM
Croatia Ireland New Zealand Ukraine
Cuba Jordan Pakistan 26 Venezuela
Cyprus Korea 3 Peru
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OBSERVERS Argentina
India STATES IN ACCESSION Armenia
Japan TO MEMBERSHIP Australia
Russia . Azerbaijan : . .
Turkey . Eg;:iaz;ua 2 Belarus Egypt Lithuania Saudi Arabia
USA 3 il - Brazil Estonia Madagascar 3 Singapore

3218 ' e "N HomgKong 11 Mexo . South Africa 42 1177

[

W =S
£ ~1\D 00 W

W = b

)
) O el =] ~1 12

0
%




Poland attCERN

6 cities, 10 research institutions ‘ .
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1954 2014

YEARS/ANS CERN







- Large Hardon Collider

d 1 X Tunnel
LHC ; depth

Protons
circulate with
velocity:

v=0.999999991c

Energy: E=7 TeV

c — predkosc
Swiatta

]

Magnesy nadprzewodz3ace:

Vacuum T_tir;lr:(e_rature Prad elektryczny: 1=11 700 A
P=10"° Tr _2_71' 5 o(_: Pole magnetyczne: B=8.7 T




LHC = Lord of the Rings

e 1999 182 m

AD

BOOSTER
ISOLDE

PS

Ll!:iﬁ.(: 2 1959 [E28m)
LINAC 3 4 G

lons

20



Lord of the Rings

ey 1899 (182 m

AD

BOOSTER
ISOLDE

PS

LINAC 2 EEETEEE
LINAC 3 e . G
lons 2005 (78 m)
- A
el =

. -‘. L .
-
£

21



How does it work In practice?

Electromagnetic wawe is traveling, pushing particles along with it )

. Electromagnetic Wave

as seen from above
(red is +, blue -)

Moving electric wave

s &
IRvan

We can accelerate only charged particles (i.e. electrons, protons,
atomic nuclei)

Electric field — accelerates particles
Magnetic field — bends particle trajectories
— focuses the beam



Where are those collisions?

Interaction
Poirt

Zderzenia: wigzka-tarcza Zderzenia wiazek

detektory
‘ L] ‘
L
zderzenie ~° E ® 5
f I Y @
wigzka " g 2 . zderzenie .
¢ wiazka1. - wigzka 2.
[

Bending | and focusing
using magnets
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c e 4. . . final detected
Relativistic Heavy-Ion Collisions particle distributions

made by Chun Shen Kinetic

freeze-out

Hadronization
Initial energy
density

pre-

equilibrium

ynamics viscous hydrodynamics free streaming

-_—

collision evolution
t~0fm/c tT~1fm/c t ~ 10 fm/c T ~ 1012 fm/c




Crtical temperature, below which
the phase transition occurs

Below certain temperature, quarks and
gluons combine into protons, neutrons
and other particles
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How do we study the QGP?

* In an ideal situation: a Rutherford experiment idea

Gold Foil

& -Particle
amitter

Detecting Screen

e BUT:
e QGP lives for just ~102%s

 We do not have color charges that we could use as probes (no free quarks)
* Instead:

e Using processes which are created by the QGP itself (“self-generated QGP
probes”)



Example: Jets

 Initial partons (quarks or gluons) with high momentum
cause the creation of so-called jets:

Parton level

\ Particle Jet Energy depositions "™ /

P In calorimeters [/

e “Jet’ Is a collimated stream of particles (hadrons) of /

q—-
high momentum (energy) which reach the detector O 7—qu

e In practice (energy-momentum conservation) in a 7,
collision we have two (sometimes more) jets Hadrons

Leading Particle



Example: Jets

Pb-Pb

proton-proton
CMS,

Jet 0,

pt = 2.62 TeV
eta = 0.357
phi = 0.346

Jet 1,

pt = 2.55 TeV
eta =-0.160
phi = -2.885

? 8

-

T

* In heavy-ion collisions one jet is being quenched (suppressed) in the
created QGP medium



Przykiad: Jets

 How to experimentally measure the jet suppression?

 We can look at the collision in the transverse plane and calculate
azimuthal angle difference distribution:

pr - transverse momentum;
¢ - azimuthal angle;




Example: Jets

 When we perform such an analysis in both pp and heavy-ion
collisions: ot
examples from STAR experiment at RHIC (Brookhaven, USA) J?

_—
- * d+Au FTPC-Au 0-20%
30.2— A ]
< i i. — p+p min. bias 9 STAR

5 .
= - * Au+Au Central
= ] .
]
>
=
=
—
o e b

A ¢ (radians)

* We have suppression of jets in the QGP medium in heavy-ion
collisions



Example: Jets

These types of measurements
are called signatures of QGP

This result (wraz z innymi tego
typu) znalazt sie na oktadce
Physical Review Letters w 2003
roku (najbardziej prestizowe
czasopismo naukowe w
dziedzinie fizyki)

Jest to posredni dowdd istnienia
plazmy kwarkowo-gluonowej

Oczywiscie, takich sygnatur jest
znacznie wiecej

Obecnie, 15 lat pdzniej, wiemy
znacznie wiecej na temat QGP

PHYSICAL
REVIEW
| ETTERS

Articles published week ending
15 AUGUST 2003

Vaolume 91, Number 7

FHIENIX

PO RS

e sibef b
Librany o $8 her Dae 08 sbion | T THES
% Publishicd by The American Physical Sodcts
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po 13,7 miliardach lat

Dzisiaj

Dzisiaj w CERN-ie -
cofamy sie w czasie
i badamy jak
powstawala materia

-270°¢

po 10 miliardach lat

Zycie na Ziemi

Zupaz
organicznych
‘czasteczek pojawia
sie na Ziemi,
matej niebieskiej
planecie zagubionej
W ogromnym
Wszechswiecie

Here Is our area of research

po 9,2 miliardach lat

Uktad stoneczny

po 200 milionach lat
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i galaktyki

Grawitacja ..

zbiera szczatki
gwiazd i
powstaja
planety

® zwykla
materia:
atomy

ciemna materia
© ciemna energia

Grawitacja
zbiera chmury
atomoéw w
gwiazdy

W sercu gwiazd zachodzi

synteza ciezkich atomoéw
- cegiefek zycia

|
4000°¢

; - po 1012 P po 103
po 380000 latach po trzech minutach po 0,01 milisekundy sekundy seku\y sekundy
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1 |
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2013 NOBEL PRIZE IN PHYSICS
Francois Englert
Peter W. Higgs




Problem of the mass and the properties of the Higgs are the scope
of the ATLAS and CMS.

mhy some particles are heavy and other do not have mass? \
An answer to this question is provided by the so-called Higgs mechanism.

According to this theory, the space is filled with the Higgs field, with which particles
interact.

Particles, which strongly interact with the Higgs field are heavy, those who interact
weakly are light.

The Higgs field has at least one additional particle — the Higgs boson.

.

The Higgs boson — ,Holy
Grall” of modern science




bozonu Higgsa zajmuja

V4

V4

SciwosScl
sie eksperymenty ATLAS oraz CMS.

Problemem istnienia masy | wta
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Problemem istnienia masy i wiasciwosci bozonu Higgsa zajmujg
sie eksperymenty ATLAS oraz CMS.

ﬁaczego |
Odpowied
teorii cata

ktorym cz:

Czastki, ki
oddziatujg

Pole Higg:







How does it look like?

CMS Preliminary —e— S/B Weighted Data
's=7TeV,L=5.11fb" ::B FFiittCOm o
(s=8TeV,L=531" — ﬂi P

[ =20

Tak wyglada
bozon Higgsa




How does It look like?

Events / GeV
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— Background-only
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Poszukiwanie Higgsa

@ATLAS

EXPERIMENT
http://atlas.ch

Events / GeV

ATLAS Preliminary
H—yy channel

& «
=
— =
a ﬁ—t‘:’,.—
\,——'// ¢ €

Rumi:
Event: 71992630
Dote: 2012-06-10
Time: 13:24:31 CEST

284760



The Nobel Prize 2013

Nobelpriset 2013

1

)
.4/77-3' KUNGI

" The Nobel Prize in Physics 2013 (@) \irivsears

7/ AKADEMIEN

Peter W. Higgs

Francois Englert
University of Edinburgh, UK

Université Libre de Bruxelles, Belgium
For den teoretiska upptackten av en mekanism som bidrar till forstaelsen av massans ursprung
hos subatomara partiklar, och som nyligen, genom upptackten av den forutsagda fundamentala
partikeln, bekréftats av ATLAS- och CMS-experimenten vid CERN:s accelerator LHC.”

“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.”

@ Nobelprize.org

obel Prize in Physics 2013 - Stockholm, 8.10.2013
Francois Englert (Université Libre de Bruxelles, Brussels, Belgium)
Peter W. Higgs (University of Edinburgh, Edinburgh, United Kingdom)
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emacs@lambda | Obrazy

File Edit Options Buffers Tools C Help wfpw@lambda: Jopt/alice fworkdir/DEtaDPhi/l
d e ® E ;\’ﬁ LD tl Q - J:< @ Plik Edycja wWidok Wyszukiwanie Terminal Karty Pomoc
= <1 P> AliFemtoESDTrackCut cxdMliFemtoEventReaderESDChain.h AliFemtoTrack. b AliFemtoEventReaderESDChain.cxx | Wipw@®lambda: fopt/alice/workdir/TestConfig/pp_A... % el e
- #include <list=> KEY: TH2D TPCdEdxcutPass5PIpPImtpcM2;1 TPC dEdx vs. momen
KEY: TH2D TPCdEdxcutFail5PIpPImtpcM2; 1 TPC dEdx vs. momen
#include "AliESDpid.h" KEY: TH2D TPCdEdxcutPass6PIpPImtpcM2;1 TPC dEdx vs. momen
KEY: TH2D TPCdEdxcutFailePIpPImtpcM2; 1 TPC dEdx vs. momen
class ALiFemtoEvent; KEY: TH2D TPCdEdxcutPass1PPtpcM4;1 TPC dEdx vs. momen
KEY: TH2D TPCdEdxcutFaillPPtpcM4;1 TPC dEdx vs. momen
class AliFemtoEventReaderESDChain : public AliFemtoEventReader KEY: TH2D TPCdEdxcutPass2aPaPtpcM4;1 TPC dEdx wvs. momen
{ KEY: TH2D TPCdEdxcutFail2aPaPtpcM4;1 TPC dEdx vs. momen
public: KEY: TH2D TPCdEdxcutPass1PaPtpcM4;1 TPC dEdx vs. momen
enum TrackType {kGlobal=8, kTPCOnly=1, kITSOnly=2, kSPDTracklet=3}; KEY: TH2D TPCdEdxcutFaillPaPtpcM4;1 TPC dEdx vs. momen
typedef enum TrackType ReadTrackType; KEY: TH2D TPCdEdxcutPass2PaPtpcM4;1 TPC dEdx vs. momen
KEY: TH2D TPCdEdxcutFail2PaPtpcM4;1 TPC dEdx vs. momen
enum EventMult {kTracklet=e, kITSTPC=1, kITSPure=2, kGlobalCount=3, kSPDLayerl=4, kvecentrality=5, kRefe| KEY: TH2D TPCdEdxcutPass3KpKptpcM4;1 TPC dEdx vs. momen
SSTPC=6, kReferencelITSS5A=7, kReferenceTracklets=8 }; KEY: TH2D TPCdEdxcutFail3KpKptpch4;1 TPC dEdx vs. momen
typedef enum EventMult EstEventMult; KEY: TH2D TPCdEdxcutPass4KmKmtpcM4 ;1 TPC dEdx vs. momen
KEY: TH2D TPCdEdxcutFail4KmKmtpcM4;1 TPC dEdx ws. momen
AliFemtoEventReaderESDChain(); KEY: TH2D TPCdEdxcutPass3KpKmtpcM4 ;1 TPC dEdx vs. momen
AliFemtoEventReaderESDChain(const AliFemtoEventReaderESDChain& aReader); KEY: TH2D TPCdEdxcutFail3KpKmtpcM4;1 TPC dEdx vs. momen
~AliFemtoEventReaderESDChain() ; KEY: TH2D TPCdEdxcutPass4KpKmtpch4; 1 TPC dEdx vs. momen
KEY: TH2D TPCdEdxcutFail4KpKmtpcM4;1 TPC dEdx vs. momen
AliFemtoEventReaderESDChain& operator=(const AliFemtoEventReaderESDChain& aReader); KEY: TH2D TPCdEdxcutPass5PIpPIptpcM4;1 TPC dEdx vs. momen
KEY: TH2D TPCdEdxcutFailSPIpPIptpcM4;1 TPC dEdx vs. momen
AliFemtoEvent* ReturnHbtEvent(); KEY: TH2D TPCdEdxcutPass5PIpPImtpcM4;1 TPC dEdx vs. momen
AliFemtoString Report(); KEY: TH2D TPCdEdxcutFail5PIpPImtpch4;1 TPC dEdx vs. momen
void SetConstrained(const bool constrained); KEY: TH2D TPCdEdxcutPass6PIpPImtpcM4;1 TPC dEdx vs. momen
void SetReadTPCInner{const bool readinnerf)]; KEY: TH2D TPCdEdxcutFail6PIpPImtpcM4;1 TPC dEdx vs. momen
void SetUseTPCOnly({const bool usetpconly); root [19] TPCdEdxcutFaillPPtpcM4-=Draw/ "colz"
root [20] []
virtual void CopyESDtoFemtoVe(ALiESDv® *tESDvB, AliFemtoVW® *tFemtoW®, ALiESDEvent *fESDevent); - . = - =
void SetReadve(bool a); imost = 2;
void GetGlobalPositionAtGlobalRadiiThroughTPC(ALiESDtrack *track, Float_t bfield, Float t globalPesitionsAtRadi@
€i[91131); | 2 _
void SetMagneticFieldSign{int s); <l - =3 L /v L?oklng for kaons
File Edit Yiew Optiohs Tools Help BrP, track->NSigmaTPCK(), track-=NSi
void SetUsePhysicsSelection(const bool usephysics); TPC dEdx vs. momentum

void SetUseMultiplicity(EstEventMult aType);
void SetEventTrigger(UInt_t eventtrig); //trigger

TRCAEdrcuiFali PRipols
Entries 2 89A37Ra+07 [z
Mean x 0.7725
Meany 288 | f== 4) { // proton nsigma-PID requir

AN x 05553 nerP, track-=NSigmaTPCP(), track-=N
RMS y 16.14

bool GetConstrained() const;
bool GetReadTPCInner() const;
bool GetUseTPCOmly() const;

void SetReadTrackType(ReadTrackType aType); 10t
void SetESDSource(AliESDEvent *aESD);

// wold SetESDfriendSourcel(ALiESDfriend *aFriend);
void SetESDPid(AliESDpid *esdPid) { fESDpid = esdPid; }
protected:

10

D++)

% hax) { ipidmax = tMost[ipl; imost =

- private:
--:--- AliFemtoEventReaderESDChain.h 25% L49 SVN-58019 (C/1 Abbrev)--

{
l% L338 SVN:59858 (C++/1 Abbrev)--







fedical scanners

Cern has been at the forefrant of
the technology behind PET and
MRI medical imaging machines
since building protntype scanners
with Geneva's hospital in the
1970s. Electronics developed for
Cern 5 atnm smaahmg Large Hadron Collider are offering
fresh promise of combined PET/MRI scanners that would

o

~ provide more detailed images of the human body.

Greater commerecial returns sought from Cern

By Andrew Bounds, North
of England Correspondent

Britain is spearheading an
effort to extract bigger
commercial returns from
the 3%8bn invested by the
world's governments in
Cern, the European physics
research laboratory.

Cern is best known as
home to the Large Hadron
Collider, the most powerful
atom smasher, where scien-
tists in July discovered the
Higgs boson “God particle”,
which explains matter.

Its research also helped
create the world wide web
and MRI scanning since its
inception in 1954.

Yet, the UK believes more
can be done to harness com-
mercial vaiue.

"Wea want to get technol-
ogy from inside the ivory
tower inte the economy,”

says John Womersley, chief
executive of the Science
and Technology Facilities
Council, the UK research
body. “Cern understands
this is something it needs to
get better at.”

Cern and the STFC are
opening a compsetition this
week for five companies to
receive funding and techni-
cal help from scientists at
the labaratory near Geneva.

Prof Womersley said the
collaboration would help
develop findings from
Cern’'s atom-smasher in a
way that “can impact on
peaple’s lives”.

He said small campanies
were often best at exploit-
ing new technolegy, noting
how touch screens were
first used at Cern but not
commercialised by it.

Winning companies will
receive £40,000 funding, up

Touch screens

More than three decades before
the technolegy became ublquitous,
the first touch screen control pad
was developed at Cern in the

| 1970s by Bent Stumpe, a Danish
—- engineer. He had been asked fo

come up with a system to replace the thousands of

|t bittons, knobs and switches needed to operate Cern's

Super Proton Synchrotron particie accelerator,

to 40 hours technical sup-
port from Cern and 40
hours form the STFC,
access to intellectual prop-
erty at preferential rates
and cheap incubator space
at Sci-Tech Daresbury, the
council’s innovation cam-
pus near Warrington.

Paul Vernon, head of
campus development at
STFC, said possible spin-

offs ecould include airport
security scanners - as Cern
has developed technology to
detect radiation - or treat-
ments for conditions such
as osteoporosis. But he
added: “It is as likely to be
something we didn't expect.
That is why we are opening
it up te these innovative
TOMmpanies.”

Winning companies will

Technology and trophies
£40,000 1£100m
Funding winning Sum the STFC contributes

_companies will receive to Cern each year
40hrs  £15m
Technical support from Value of Cern contracts UK

Cern winners will recelve

companies receive annually

Financial Times, 19.10.2012

World wide web

Tim Berners-Lee developed the
world wide web in 1389 as part of
a Cern project to improve
information sharing between its
network of 8,000 scientists

- 2l working in universities and
institutes amund the world. The achievermnent was
celebrated in Mr Berners-Lee's appearance in the opening

ceremony of the London Olympics.

also be able to collaborate
with universities from
Liverpool and Manchester
as well as the 100 or so
other businesses on the
Dareshury  site, which
include 1BM and Dell.

The STFC contributes
£100m a year to Cern, a
sixth of the council's
budget. UK companies
receive about £1bm annu-
ally in contracts in retumn.

Steve Myers, Cern's direc-
tor of accelerators and tech-
nology, said: “Cern is com-
mitted to maximising the
benefit to society of Cern
technology through the
development and exploita-
tion of innovative ideas.”

The S8TFC's Rainbow
venture capital fund could
also become invoived.

STFC Inunovations, the
commercialisation com-
pany, has created more

than 16 spinouts worth
£50m.

The STFC is collaborating
with the European Space
Agency on a similar model.
There are some 15 busi-
nesses at its Harwell cam-
pus near Oxford, including
Radius Health, which is
working on a portable X-ray
machine that could be used
by paramedics at accident
scenes, Another company is
working on a drone that
can map the condition of
crops and then network
with a tractor's GPS system
to ensure the right amount
of fertiliser is spread in the
right place.

The space agency has
seven technology transfer
centres across Europe and
Cern hopes to foilow suit.
The competition is open to
companies from the 20
countries that pay for Cern.
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AN-00081 11.4.1983
PRELIMINARY PERFORMANCE ESTIMATES FOR A LEP PROTON COLLIDER
5. Myers and W. Schnell

1. Introduction

This analysis was stimulated by news from the United States where very
large pp and pp colliders are actively being studied at the moment.
Indeed, a first look at the basic performance limitations of possible pp or
pp rings in the LEP tunnel seems overdue, however far off in the future a
pogsible start of such a p-LEP project may yet be in time. What we shall
discuss is, in fact, rather obvious, but such a discussion has, to the best

of our knowledge, not been presented so far.

We shall not address any detailed design questions but shall give
basic equations and make a few plausible assumptions for the purpose of
illustration. Thus, we shall assume throughout that the maximum energy
per beam is 8 TeV (corresponding to a little over 9 T bending field in very
advanced superconducting magnets) and that injection is at 0.4 TeV. The
ring circumference is, of course that of LEP, namely 26,659 m. It should
be clear from this requirement of "Ten Tesla Magnets™ alone that such a
project 1s not for the near future and that it should not be attempted be-
fore the technology is ready.

10
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Information Management: A Proposal March 1989

Tim Berners-Lee pisze stynny dokument,
ktory stat sie poczatkiem WWW (HTML)

' Information Management: A Proposal

Abstract W jego pierwszych akapitach pisze:

This proposal concerns the management of general information about accelerators and cxperiments at
CERN. It discusses the problems of loss of infornmation about complex evolving systems and derives a
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Problem ciemnej materii oraz ciemnej energii badajg z kolei rowniez
eksperymenty ATLAS | CMS.

Czym jest ciemna energia i ciemna materia? 5% \W

25% Dark Matter

Atoms l 70% DarkE
i Dark e o nerg)
Energy
68.3%
Dark
Matter

26.8%

TODAY




Problem ciemnej materii oraz ciemnej energii

Astronomowie od dawna obserwuja ruchy
gwiazd i galaktyk na niebie, a od
kilkudziesieciu lat coraz lepiej widza, ze
obserwacje te sa sprzeczne ze znanymi ham
prawami fizyki (m. in. obracaja sie za szybko,
a grawitacja od widzalnych obiektow jest
niewystarczajgca, by je utrzyma¢ w catosci:
wszystko powinno se rozpasc).

Prawa fizyki mozna ,,uratowac” jesli zatozymy,
ze we Wszechswiecie znajduje sie ogromna
iloS¢ materii innej niz ta, ktdra znamy — materii
niezbudowanej z atomoéw, nieoddziatujacej ze
Swiattem, a wiec ciemnej — !




Ciemna energia z kolei ttumaczy
obserwowana coraz wieksza predkoscé
rozszerzania sie Wszechswiata. Podobnie jak
ciemnej materii, nie wudalo sie jeszcze
potwierdzi€ jej istnienia.




Dzieki poszukiwaniom w LHC nowych,

ciezkich czastek, stabo oddziatujgcych ze
zwykta materig, by¢ moze bedziemy w stanie
przyblizyé¢ sie do rozwigzania tej zagadki.




o)

A czy ,zwykiemu cztowiekowr’
to sie na cos przyda?

nowe materiaty,

nowe technologie,

nowe urzadzenia pomiarowe,
zastosowania w medycynie,
zastosowania w komunikacil,
zastosowania w energetyce,
zastosowania w ochronie srodowiska
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[LHC w schematycznym przekroju }
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CERN/LHC - Large Hardon Collider
(Wielki Zderzacz Hadronow)

& R Glebokosc
LHC, to prawdziwa ksiega rekordow il || tunelu ake.
Guinnessa It

W tych rurach
krazg protony;
ich predkosc:

Diugosc tunelu Y
akceleratora
L=27km

Y - , N Magnesy nadprzewodzace:
Préznia TEmperzitura 1 Prad elektryczny: |=11 700 A
T=1.9 K= Pole magnetyczne: B=8.7 T

P=10"Tr W .271.2°C







Technologie stworzone dla potrzeb CERN
zostaty wykorzystane w:
A. Medycynie \

- diagnostyka: tomografia emisyjna PET, pozwalajaca na badanie
fizjologii organizmu, tomografia komputerowa CT,

- leczenie: terapia hadronowa umozliwiajgca skuteczne leczenie
gteboko potozonych guzdéw.

(2. Przemysle: )
- opracowano technologie oparta na materiale zwanym getterem,

ktory mozna zastosowaé do poprawy izolacji termicznej urzadzen
gospodarstwa domowego (np. lodowki).

.

J
/3. Srodowisko: N
- dzieki opanowaniu technologii wytwarzania ultrawysokiej prozni
oraz tagczenia szkta z metalem, ptaskie prozniowe kolektory
stoneczne przechodza z fazy prototypu do sprzedazy, co stanowi
znaczny postep
\\W wytwarzaniu energii ze Zzrodet odnawialnych. .

(4. Technologie informacyjne: A

- oprécz WWW niedawno powstata Swiatowa sie¢ komputeréw GRID.
\_ )
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‘? Czego nie wiemy? 9

Jak formowat sie wczesny WszechsSwiat?

Jakie sg wiasnosci kwarkow w stanie swobodnym?
(Czym jest ,plazma kwarkowo-gluonowa’?)

Skad sie biorg masy czastek | czemu sg takie — jakie sg?
Czy istnieje bozon Higgsa?
Gdzie sie podziata antymateria? q

Gdzie i czym jest niewidoczna czesc Wszechswiata?
(,ciemna materia i ,ciemna energia”)

Czy istniejg ,skryte” wymiary przestrzeni?
Czy istniejg czastki ,supersymetryczne”? D

Wiele innych... .

()



Kolejny problem, to materia i antymateria. Zrozumie¢ go probuje
eksperyment LHCD.

Na poczatku Wszechswiat byt zbudowany
w réwnych proporcjach z materii i antymaterii.
Gdyby podczas ewolucji Wszechswiata
materia i antymateria byty swoim lustrzanym
odbiciem unicestwityby sie catkowicie,
zostawiajgc jedynie energie. Dlaczego jednak
czeSC materii pozostata, tworzac galaktyki,
Uktad Stoneczny, nasza planete i nas? LHC
bedzie badaé, skad bierze sie ta niewielka |
réznica, jaka istnieje miedzy materig i Hydrogen
wtymateriq. /

Antihydrogen
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Jakie sg wiasnosci kwarkow w stanie swobodnym?
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|jroblem ciemnej materii oraz ciemnej energii badajg z kolei rowniez :|

eksperymenty ATLAS i CMS.

Astronomowie od dawna obserwuja ruchy
gwiazd i galaktyk na niebie, a od
kilkudziesieciu lat coraz lepiej widza, ze
obserwacje te sg sprzeczne ze znanymi ham
prawami fizyki. Prawa fizyki mozna ,,uratowaé”
jesli zatozymy, ze we Wszechs$wiecie znajduje
sie ogromna ilosé materii innej niz ta, ktdra
znamy - materii niezbudowanej z atomoéw,
hieoddziatujgcej ze Swiattem, a wiec ciemne;.
Dzieki poszukiwaniom w LHC nowych,
ciezkich czagstek, stabo oddziatujgcych ze
zwykta materia, by¢ moze bedziemy w stanie
przyblizy¢ sie do rozwiazania tej zagadki.
Ciemna energia z kolei ttumaczy obserwowang
coraz wieksza predkosé rozszerzania sie
Wszechs$wiata. Podobnie jak ciemnej materii,
hie udato sie jeszcze potwierdzié jej istnienia.

Atoms

4 90 Dark

Energy

68.3%
Dark

Matter
26.8%

TODAY



Granica poznania:
promieniowanie tta

Dark Energy
Accelerated Expansion
Afterglow Light
Pattern Dark Ages Development of
380,000 yrs. Galaxies, Planets, etc.

Planck

Quantu
Fluctuations '

1st Stars 50
about 400 &%

1078 — Naaroda Nobla (Penzias Wilson)



Jaki jest przepis na przyrode?

Przyroda na najnizszym poziomie
opisywana jest tzw. Modelem Eermion

_ y Bozony
Standardowym (SM): o (budulec materii) (nosniki oddziatywarn)
® Czastki elementarne — cegiefki
budujace materie (fermiony | bozony)

® Trzy oddziatywania (z czterech) kwarkl
opisujgce dynamike czastek

elementarnych (stabe, silne oraz
elektromagnetyczne) leptony

Model Standardowy nie zawiera w
sobie grawitacji opisanej przez Ogolng
Teorie Wzglednosci Alberta Einsteina.

l are I'-’ﬁtf Spjrr.r .

-l

Po potwierdzeniu odkrycia bozonu
Higgsa w 2013 r. (o tym po6zniej) SM
nazywany jest ,teorig prawie
wszystkiego (theory of almost
everything)”.



Model HISTORIA WSZECHSWIATA
Wielkiego Wybuchu

WMAP / Planck

Jadra atomowe

F Il MORSIMAC 1 MATFRI

WETFCHEMAT STAJE SIE PRIFFROCIVET

Fozdiiile i mmabeiii Foiimowesse & § 3

B pininieniswainia L

Protony i neutrony

Muklaasymesn hilu

£nlknlpde posyiremew

Plazma kwarkowo-gluonowa

Ewlazanie 3¢ bwarkaw
Pawutanie protanoew | meulanoe
Erkrizde ant by ackd &

EROKS OODZLIALY WAK
ELEATROGE AAYDH

Powstajg czastki elementarne

ERA DOMIRACI FRCHIENIDVHLL

Inflacja

? (Kwantowa grawitacja)
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